10

15

20

25

30

1 Magnetic tunnel junction device and witing/reading

met 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 cdhprising afirst 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 |ayer and  havi a,.reyersibl ;
di r dageetiotynsel juncaan GevicR; shduitng/Eaging Tnthod for said
and second el ectrode. State of the art 20 The

doc&ﬁ%ﬂ?eFR 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 rmn reference | ayer 1 and having
a fi%ﬂﬂé&@t?é&ﬁ '&Y%"gi,o"an electrically insulating
| ayer formng a tunnel barrier 3 and a second 25

magnetic |layer formng a storage |ayer 4 and having a

r evertd vention slaiceto ammagaeiic devioa sBeceasiredy 6aMPHSEHg
the two-way arrow in figure 1. The reversible

di recti-on mefirst legtrrdd, 5 of the storage |ayer 4 can
be oriented Wth respe 0; i é@g;@*iégﬁ 8in@ a first
of theref eraen@@glr@égr%‘&nnsei P‘t@?oéhéﬁgﬁagnet zat | gﬁs né _
are paral | elmggnaiy lapar firhhg 80eferéhee blagekiang having a fixed
tenperature of “nmagnet’i zati on of the storage | a¥e{ 4.1s
| ower magnetization, an electrically insuiating layer forming a tunnel
barrier and a second magnetic layer forming a storage layer and
having a reversible direction maghnetization,
- an intermediate layer,

- and a second electrode.

State of the art

The document 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-parallel.



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 layer and o 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 MegnRetHsady R of Meagictizatien lAtBe storge Eer 4 is lower
appl ?@%H"gﬁ&% 'igtﬁl'ﬁgﬁgr ngl rmgg{neti c field, anmeq e@ri c

cur rgan the dlovkite tempemiutchobubé referencanayer dncihieodevice also
to heat the storage |ayer 4 abqve the bl ocki

n
t enpeeraplises afcurtant ryHe Pzatsmaiehs/ apd 'Beﬁré%uéf?qfrﬁi@é‘{“) to apply a

th i_ent.at. t ' ' . .
| ayeragnoh i ic”e; pOceE Bl 5P i Bright e tighfization 5 of
| ay efhelsthmage@§EF 8dvilty reBpRBE1thel MAghewisdionE ef the tdherence layer
magneti ¢ tunnel junction, which depends on the

~ ori ehtwitlionn modifyting thegrientation ohtt® ofagnetizatiast 2gef the reference

10

15

20

25

30

| ayer 4 with respect to that of the reference |ayer

1. 2@Y&uling witing, a voltage of about 0.5 V is

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

nor efpyv grwritee pasagee. by at magnetization phases of tthgestorage layer 4 by
applied for reading is typically 0.3V. The tunnel,

j uncapriication of e extstnal e2agneti fieldan Slﬁﬁffi?g‘?urﬁ@ﬁtgﬂs made to flow

" BTG B B 0 e B oo
1 e S ormed by an
el ectron-emtting |ayer and an el ectron-receivVving

| ayer, arranged on each side of the tunnel ie

ol acece sakefase PespERtatin o BevhAgnelitalisn s SLberipraoe laver 4

I ev itﬁ{gésﬁéﬂ 9 h‘%‘f"%‘f.tﬁ@rrg?eréﬁé’eeia i1 isThfeddutd® b9N®@ans of the

of the Ferm level's is proportional to the potenfial .

di f fresitasce &f thebagestic turel undtibe, ehimmedeends 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 tunnel
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 tunne!l 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



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 pating energy. Then, when inelastic relaxation of
the electron froma higher enefgy Efs to a | ower
energy Efi takes place, the electron dissipates 5 the
energy eV in the electron-receiving |ayer, for exanple
by creation of phonons 10 and/or magnons 11, which

i ncreases the tenperature of the electron-receiyv

| ayechargeephiig @'eﬁgpﬁxéﬁl'@#ﬁtmfé?Yﬁhﬁ@rW@r & eloctidn emitted by

. S bl dever i@8sgs: bR b e, A fnbpE¥ect witnout

i Nt ARSIRANGt ERclft aHenl Svidst aldiasties pslakatiorreneieé @lectron from a
tunnel 10 j Uncti ons. Heat production by the tunnel

cur r aigheir enengis Eisutd aslowien enermn Efi takes pmaeh itioe iedaatropr dissipates
a feManonete . located in the, re ei vi

d .
5 ot Al ETRIEY Y I CEraT CE MG YR dl" jSFHEIS,PY creation of
desc hBﬁgné nl()t?ﬁd Pan 6n5312%éﬁ%n8@és@53ﬁe \%ﬁ‘npergture of the

conp I'se an an erro gnetlé yer, for exanple

of NelMttroarresogiy Ryeaindptis rélaxétmretakestmaacé vuerel characteristic
barrier of the reference | a%é of the tunnel
j unctangth, tharmern inglasticdreal avelfm.r\@swgbmgtb i$ agpé«“ra"y about a few

for exa

LT angRaRsTerEn TS b mea i anpl s (syafidl Ui o Pipgpptic tunnel
ot he ﬁ#ﬁ;@ﬁ@ H@&te rd?:]‘uchbﬁ BveHée’turin%F%hfr@ﬁt isTfHus maximal in a zone

ant i rormgnet rs performthe function of

pr eswaitiri aghtckaeasagzﬁea |fewomammaiers;nlocatetmm the seegjeing layer and
and reference | ayers. Deposition of the |ayers formng

the @diRgent tojthadenee] BaeMhe anti-ferromagnetic | ayer

and nano-structuring of the junctions may require

addi tional steps, for exanple an alignnent step. In

addi Thenturinke juhétidh desaribsdnigl thardo®imeaitoFR 83254 can also
is increased. 25 The docunent WO0O0/ 79540 descri bes a
15 magneemprige ey antiternemagnetic layendler wxapiple inade &) HiMn, arranged

The grcl) %%”8;5‘6040 1282 %3 tﬁé’ tﬁrﬁ‘neerl rB%lrrligr Bint?llél l%(feereﬂgg%yer of the tunnel
junction. Furthermore, an anti-ferromagnetic layer, for example made of
FeMn or Ir20Mn80, can also be arranged on an opposite face to the tunnel
barrier of the storage layer of the tunnel junction. The anti-ferromagnetic
20 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.
25
The document WO00/79540 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

30 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 t her nal conductivi%y 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

e egeeestols sru A i, MR, A AR nstion gper i for
| he SRR e ERIOK ARF AogurtengRACTAN Ersibgsen o0

Such a thermal insulation |layer would require
addi tional polishing and etchin

steps, ich "
conptidwayes, tinkode@ogdi $U@h aaHer rlpglggpglp,vﬂ)l;?ro(pé%%erg? additional

the junction. hj e i nvent i o he surface
ob; dbtedgetath arat Fiih 1k L eERh B8 2 i eBte of gre s

in ' fand b8 frerésdd evena étedingetimeahbtassdrpeo define the
stoﬁggéhﬁ§$gﬁﬂpoébe heat ed efficienPP whi |l e . .

ni nimeriong tbte Slelct ai mqomaérlnﬁélaﬁeﬁaélyef owoulg; gequire additional
heating, so as to .reduce the electric n i on P—r
{he. RRIGNNG a1y G SifmR, et ompLRaE(h8 RLioR"art faprication
juncti -C ] [t while at the sane tine
sinﬂ%#?é?%gpﬂﬁﬂﬁbé ri'cation nethod. 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

barrjer forned.b .Jqmaterial having a thermnal
conoésiqqiquﬁﬁdﬂé?ﬁpﬂ n 5WnmC 251t 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
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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 |layer, so as to heat the
second magnetic layer to a 5 5%hi gher 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
junction, fromthe first magnetic Iay?r to the sec

nd
magnet i ¢ | akigher Bteraperadeer | hanorther Blgeking a\;\?'ﬁagra%ére of the
O her advant ages,.and fe r ' : re clearly
appar ent fr@?%ﬂﬁgzar‘}fod] ‘P%ﬁﬁ?ﬂ@@ﬂ?ﬁ%ﬁ@ﬁ%}?parti cul ar
enbodi ment s 0§ 4 Read BMESE icBmBisiRfIew dTain eletfic icatrewt through
exanpl es onFy and represented i n the acconpan

i ng
draw ngs, i the wrireh:juididf, Jrore therfinst &@n&iica?/aﬂéf/it@ethe second
conprising a magnetic tunnel junction according to

the prior afMagdneligla¥er2 represents the energy

variations of the electrons in a tunnel junction

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

enbodi nents of a magnetic device 20 according to the

i nvBmief descripjloreobthedrawi@ss two t heoreti cal

tenperature distributions in a magnetic tunnel

junction, respectively for a current flowng fromthe

St OO b ﬁta@é’s LR8 fehRirss ONIF Bebaer marsl cigarlyhepparent from the
Site di to

opp rectron. Figures 7 9 represent different
t hefylloiwing et eintionadfipzsticiilat embodiments ahthe Fyention given as non-

icﬁr ;&388&% gi&g%;&’n ;r%ntci()rebpe%e%?éodo PH {H%né&orﬁgér%ﬁﬁﬁﬁ?&ings, in

which:

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
according to the invention.

Figure 6 represents two theoretical temperature distributions in a magnetic
tunnel junction, respectively for a current fiowing from the storage layer to the
reference layer and in the opposite direction.

Figures 7 to 9 represent different theoretical temperature distributions and

correspond respectively to the embodiments represented in figures 3, 4 and

5.
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5. 30 6 Description of particular enbodi nents A
magneti ¢ device according to the invention conprises
first and second electrodes between which a tunne
junction such as the one represgnted in 5 figure 1 is
arranged, a thermal barrier formed by a nmateri al
having a low thernmal conductivity being in contact
with at | east one of the magnetic |layers of the
tunnel junction so as to concentrate the heat produced
by {heséiipligh of pyitflar dmbB@ipAE£0e | ayer during the
write phases. n figure 3, the device nmagnetic
successively conprises, along an axis X, the first

el ectrode 12, a tunnel junction such as the qgne

r eprieJeageetic slevicguaecording tor thes invastipRaFORMseS firginand second

the gsecond e d . i . r oAl ri ' .

o ASEO08eE DA ok o Tl k] Bl eI B itesented i

the fRipe 20%s 'a?bé?f(’ge@l 2 MHbrinae bapanNbreleachy edendterialThaving a low

el ecttodes 12 and 13 are at ambient 15 tenperature and

enalthermalecanductivity beingi inrcontadsavittoal leastione of thee magnetic layers
e and re

{he G BE HBOROLBCH ) 80 a%iTd GPResTlrathdns Reak ARIGHR by the tunnel

barr | j ' j t her mal
con lﬁﬁeinituﬁ% gﬁﬁﬁeﬁlaﬁﬁgﬁﬁ% %‘Pﬂﬁ% ﬂ%e%g'si tion, on an
internedi ate | ayer 14, of the layers formng the

tunnel junction is in fact sinpler the smaller the ,
t hi drifigsee 8f thendevige amagngtigseiccesgively eamprises, along an axis X, the

P ondriiBEradd 17! &R oosuat 45 iR6ie febrbSented in figure 1, 2
t unngét fhehpbl BArReRARI tHRdscdnd &iBktod@Y 8!l Thé first thermal barrier is

reduced. However, for a predeterm ned thernal
r esifetraed dyy shdntenmedisieilayer 24 dregngedibetweenpthessiarage layer 4

STl A0 SOEI R A AlRe FATEHPS W et amben

sat ité@?&f’%‘ﬁ’% hgdt an#’zﬁ ﬂ‘?’é’ﬁﬂdnerl] Jtmc?ioniﬁ bhd cBalel ?f%rﬁl’l)he write and

t he t um an trogen conpound
or @éad phases.

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
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

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 ot
tungsten (W) mentioned in the above-mentioned document WOO00/79540,
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



tungsten (W nmentioned in the above-nenti oned docunent

W00/ 79540, 30 which respectively have a thernmal

conductivity of about 35Wm C and of about 173WniC.

This is also the case of the anti-ferromagnetic |ayers

7 made of Felh or 1r20vh80 nentioned in the

above-nmenti oned docunent FR 2832542, which

respectively have a thermal conductivity of 44 WmC

and 35.6 Wm C. The use of anti-ferronagnetic |ayers

as t F@m | Tro B hedi ' ment FR
whi cﬁﬁr\/‘\%ﬁt%’f rmﬁed? ollreposiébi %ﬂ?h%ﬁé@fﬂﬁ%#?ﬁ?ﬂﬁﬂ@é&édocu

t he pgRP®A2 jwhichirespectivehehave ia fhermahagnadudtivity of etd W/m/°C and
and nano-structuring of the junctions nore

[ diffi CLr| t.
I'n adBi6 WM/ G.nEhenseerof Ardi-iesipmagneticay s as thermal barrier would

N gg?;l{mgdlr\égégacrg{a éh@%ﬁﬁ&ﬁﬂg%u@aﬁ%ﬁﬁb%ﬂ[@ @feﬁ@"}’ayers forming

obt ajHaeRinnd AunBliéh R NS aAE-ferrysagnk Bividyee anelndnorstructuring of the
constant to be obtained. The thermal tine constant

cor r pmptionks nose dificwt.oduct (Rth. Cth) of the thernal
resistance Rth of a thermal barrier and of the
thermal capacitance G h of the thermal barrier. The
| owe : | ' r o
or adeaidtigt hEnaler2; A8ARG A herhiPodiidcRly Bt HgItiBh SWim/"C
f i gualeodndbie addiv thermabcaacitaines tof tthe tinermdd dvariien to be obtained,
the device conprises a second thermal barrier for

g‘??‘@e thermal

10 by awhigfeenalies araiydawdbetpal ime consiant 1o behtaing
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and the ref nce | I :

pe. PRSP sl Jo i probuct (RIS THARE el resistance
by arfot id fepial bafidrogid iof ehé ititdrehavheipaefaties Otasé the thermal
rapidly when the tenperature is increased, in a .

t enpbamienr Thé towenthe themmel §ae penstael the quickes axtggnal gradient
For exappl e thﬁ H&teri | of the storage |ayer can be

a t eF&1 BmestaRlipngd i AWWARCPPTBES) al |l oy enriched with

cobalt near the interface between the 25 storage |ayer

4 and the tunnel barrier 3, which enables the

pol alni #igiieon, &f 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.

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

a thickness of 0.5nm and 2nm.



el ectrons passing through the tunnel barrier 3 to be
i ncreased. The Tb and Co alloy has a bl ocking
tenperature close to the anbient tenperature. The
storage | ayer 4 can also be forned by a repetition
nmul tilayer with a magnetizatiof perpendicular to the
pl ane of the |layers, for exanple by an 30 alternation
of two |ayers of cobalt (Co) and platinum (Pt),
respectively having a thickness of 0.5nm and 2nm 8
Preferably, the storage layer 4 is fornmed by a
stacking of a ferromagnetic |ayer and an

anti-ferr et | f I [ i
and PHIRGHGSES: s Bver o s EERRRL B Rachinglpt & fromagnetio
| 11 diyB} aiMl ERNEARRSTo rﬁﬁ/ﬁﬁé‘ﬂlﬂ’é_%rp%mékémm fresde of an iron and
exarr& e 20% Ir and 80% Mh, havi'ng a bl ockin

t enpevanganese coppcand, fetexaenple Fdianor obaciridium and manganese
Preferably, the first and/or second therpnl rrier .
hav e CemPeNEd (GOrRLISING, SHlRRATIRIE: S0 Ry I 3P % i il a blocking
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10

15

20

25

30

the tunnel barrier 3, preferably at |east by a factor

ten. The thermal barrier being connected in series .
wi t hPraferablynnéhe Hirst iand/or, sesendaticsma! rkamisisfiave an electrical

o SNeled bRy S5 ACSH SRR, YR g b
the §ﬂ1t53°t&ni@£l$/ RHware i thd els@ticliarddistafcd roff tealtlnel barrier 3,

comprises at |east one alloy containing at |east one )
el enpraferabbs ah ldasbhyaadanior teAsThe thatmalobgrriesteing connected in

o5 5 AL, b B e 1 v
h ) . ,

(o) el e Rl SR GFRle et bRitr. 56
thallium (TlI) on the other hand. The material of the

thermal barriers can thus be an alloy of bi swt%\lﬁi) ,
and Tee natetal offiep firsband/er prendsihesmg) bafriers pre yigomprises

DB Ra gl YO B RS dft B B iy epric 4o
abouintiméNy 156, tRMath EiRngEeRMuh (Ge), tin (Sn) and lead (Pb) on the
one hand, and containing at least one element chosen from sulphur (S),
selenium (Se), tellurium (Te), aluminium (Al), gallium (Ga), indium (In} and
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 electrical conductivity of about 1.75mg&ecm
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 atloys, for
example TI2SnTe5, thallium, bismuth and tellurium alloys, for example
TI9BiTe6, strontium (Sr), gallium and germanium alloys, for example
Sr8Ga16Ge30, and strontium, europium (Eu), gallium and germanium alloys,
for example Sr4Eu4Gal6Ge30. It should be noted that the bismuth and
tellurium alloy forms part of the thermoelectric materials that often présent a

very low thermal conductivity.



the material of the thermal barriers are thallium tin
and telluriumalloys, for 25 exanple T12SnTe5,
thallium bismuth and telluriumalloys, for exanple
TI9Bi Te6, strontium (Sr), galligmand gernani um

all oys, for exanple Sr8Gl 6Ge30 and strontium
europium (Eu), gallium and germanium all oys, for
exanpl e Sr4Eud4Gal 6Ge30. It should be noted that the

bi smuth and telluriumalloy fornms part of the

therﬁee'n‘?&[eﬂblcomeeiﬂéf@[t% i r@féa‘?Pal%!be?@gég pﬁﬁg@’%h‘éﬁ{;é material,

| ow ermal” conducti vi e materi a

thergmb foaprdsehs « arystibne [phase phvas earc hamogphoms @hiagk, at ambient
able to present a crystalline phase and an anorph

phastemgpteraive e Typicadiipdhat amerphgys chatey pregants aOHFSéh electrical
h ., St t hi gh, _el ' | . e

FesirealRUv LY, UnpRsate HasEE Sefe PloseriS @ ow slaqical resistivity.

| ow F%reﬁtﬂHg%%Lcl‘Lag@ES@'aYéﬂaﬁ to DeFMedidNAE Firshan@@r second thermal

mat eri a or the first and/or second

 t heryatiershahe neatsrialt inashnibe e itatrystadinebstate. The thermal conductivity
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Chardl PasecehaTas ateiass cahRFalgess g B, Rifgiamorphous
h t ' i _ .
cxariire ne BRI 4R Fof Sanipeing ianiih agtmony and

Ce2SbRUAimadIbyt Ge2sbbvys Shd T alkapSbeTed rgspectively have thermal
thermal 10 conductivities of about 0.3Wm C and about

12WedPductivities ohiahott PIYMPG and abgut AWMECs Tarebtain a layer in
h I h .

{ eraarvataBae rsate. BRHREL bl JorSaly Siat i Be; fPformed. The

g§p$ﬁéFrh9P tr‘éfatrfw@@% id aawaﬁtafg%n'sggprSrrh@@r@éfofeJruafﬁo@nion of the

e materia the first and/or second therma
bar riapers foaningl the thenel jumdtioni al  conprising at | east
one alloy containing at |east one el ement chosen from
phosphorus (P), arsenic (As) and antinony (Sb) and

i . I ) .
o 5 A PSS B 00 0 e
r hodigmpridihg .atiteast ome @by conthiaingcat( @apt osacdiement chosen from

exanpl e the alloys 20 Zn4Sb3 and CoFe4Sbh12. .
Fur tphaispbpsls (Rle areanic (As) and apimony {Bbl aad sondaipigyat 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
Zn4Sb3 and CoFed4Sh12. Furthermore, the material of the first and/or second

thermalrbarriers can contain at least one element chosen from lanthanum
(La), cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm),
europium (Eu), gadolinium (Gd), thulium (Tm), ytterbium (Yb), thorium (Th)
and uranium (U), such as for example the alloys Yb0.20048b12‘,
LaThFe3CoSb12, EuCo4Sb12 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
layer 4, as represented in figure 5, in order to decouple the magnetic thermal

barrier from the storage layer 4. The material of the magnetic decoupling
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thermal barriers can contain at |east one el enent
chosen from |l anthanum (La), cerium (Ce), praseodym um
(Pr), neodym um (Nd), samarium (Sn), europium (Eu),
gadol i nium (Gd), thulium (Tnm, xtterbi um (Yb), thorium
(Th) and uranium (U), such as fi8r exanpl e the all oys
YbO. 2Co4Sbl 2, 25 LaThFe3CoSbl 2, EuCo4Sbl 2 and
EuCoSb12Ge0. 5. When the first thermal barrier is
formed by a magnetic | ayer, for exanple an

10 A CAR e MR IEEAR (2L choseh fiom Ratalgh, chromium,
for ”%na%iiéfg#‘,ieﬁaﬁéﬁheéé éarﬁ{‘ﬁlagibgnﬁtlﬂgﬁ%:c% 'of%t‘?'L gﬂti-f&?omagnetic

represen gure er coupl e

magnekicend hiesmmal bareer, i £ mdgneticidetoapliMgbetvasrethedsecond thermal
The material of the magnetic decoupling 10 |ayer 19

can tharmemand theyreieiencadesh isl nalmesersayo RS thdmadneatization of the
chromi vanadi ganese and platinum 1In the

case'! fé?%rhceaﬁygp*séﬁ netic second thernal barrier,

a magnetic decoupling between the second thernal

barrier and the reference layer is not necessary, as

t he nmrepadisliasenaiodiment Eepresemtedde figaxees, a third thermal barrier is

trapped. |n the particular _enpbodinent represented in

fi guremeed By the r'f@”@@{eqfﬁﬂ?f Eaﬁ%?fefor §X3F}Bﬁ)%é§9t¥9”'ﬂﬂebamef can be
tunn [ [ in O t ; : ;
par (0L B Sfifor P bpio, Do SARAT bfidel () 81 Wanium oxide (Ti0,).
zi r cqieunhérmhale codd ORvitiys tof t aincariuexiokiie| TarfdR)titadidm oxide are
The thermal conductivities of zirconi um oxide and

ti t aresRacExele .aYm/Keapddt4WényiCi. sw nf C and

7.4Wni C. The tenperature variation in a device

according to the prior art was studied. Thus, figure

6 regheseriperaiife VARSI It aldeVRIBPEERIEIG tgit_ﬁérdri@wairlloﬂés studied.

in a 15 magnetic device conprising a nmagnetic tunne
j unciThos, digooe & mgptesenie tpoi dtheoratical tersparature edigtribations in a

a current flowng fromthe storage |layer 4.to the .. .
" of ePAGREtc 8 ice QOmHiSing 2 PROBRHC 14AehLINSHRRGCERrding to the prior

Bl BRPEEAA 9 ol NG Ui R poPERAEY 475t refrence
curr gyer 1t fpirve 17) and in the opposite direction (curve 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
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
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)
- and a layer of Ta with a thickness of 5nm (X3-X4).



structure of this exanple was deliberately chosen

symmetrical. The device 20 successively conpri ses,

along the axis X, between the first electrode 12 and

the second electrode 13: - a layer of tantal um (Ta)

with a thickness of 5nmarrangedtin the gap conprised
between X1 and X2 in figure 6, - a stacking of a 5nm

| ayer of Irivnh and a 3nmlayer of NiFe formng the 25
reference layer 1 (X2-XO), - a 0.6nm|layer of alum na

form ng the tunnel barrier 3, represented, on account

of i frbetd&\nmﬁth&gysymmeimal et respegt ﬂ@iﬂg@a@oatdlm X0 and does
a stackin 3m|a r of Fe and nmI

v pbicRmg sena teTBaLGaTREy Ao e 1, 28 T8 e Gptained for a
' ayefurﬂfel Ttﬁ}]dff'oh'bo%nbﬁieﬁkéﬁﬁésé’gerﬁﬂﬁé@f@T%)cor?éér ERRtrodes kept at
devi ce nmetrical wtih res

coor énﬂﬁém téﬁip@naltueb)aad rmmg@pmenaal diffetrearcsedf 0.5V.
barrier. The curves 17 and 18 are obtained for a

S5tunnel junction connected at these terminals to two
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v, 2 S RIRERY B AERm B b LG 27 A fa b pbserved n

of th@urteeﬁpﬂr@r%rﬂ fﬁﬂvﬁh%‘fﬁ#ﬁ 'tﬁ’é‘%tdrégéﬂéyéﬁ4 Q@fthb&eference layer 1
observed in gure current flowing fromt

st or fmeve Ayei rn fzact cotrasponxseioen twvieayant of ele{utme‘rqrmthe reference
in flaééﬁeécorre onds to a m)v:érrent of ele

theh ok SR gger el tngoatis: g et ate)p Hhigh imples a
ot Ot HisslbaliBh of e Enettl) &7 tieTRIrEBe Ayt §fQPRS) 9. in a zone

I n alocaterd td theatght dfahé enrisl Gatrierf (XM ead represeniadrindigure 2. This
(XO), as represented in figure 2. This is illustrated
by t sdiliasipated bydheranpiiude pwlelqurvm?@ which igrargatar fepyalues of X

1 BRu SO BHES ( Bg e coioncs o

e' Scﬁ'{o%&éritcb‘ﬂ' SaclroRenflovaiy fiom! et fonidihen th@Uigard 6 and thus
and t hus
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. In this way, a read/write
method of a magnetic device according to the invention can be performed. A
write phase comprises flow of an electric current [1 (figure 5), through the
tunnel junction, from the storage layer 4 to 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
junction, in the opposite direction, i.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 11 and 12 can for example be generated by a

reversible generator 16.
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15 creating nore heat for values |ower than XO Thus,
for a given current, the current direction enables the
magnetic layer 1 or 4 that is heating nost to be
defined in the junction. In this way, a read/wite

nmet hod of a magnetic device accb?ding to the invention
can be perforned. A 20 wite phase conprises flow of
an electric current 11 (figure 5), through the tunne
junction, fromthe storage |layer 4 to the reference

| ayer é, so as to heat the storage |

. ( er 4toa .. .
hi ghdhet!BfReraiug ¥atighien tma devise q@r&%g%ép%ﬂwtlgp is illustrated

t he I.Zat 1 @n . ]
o PBAEES 240 8 Rgtheb¥ gl syt Fids 1 to ko
(i grssebentetininofigitel T th U e clftaihed ofol @ eigttridi@urrent direction
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be gener e generator 16. 30 12 The
tenperature variation in a device according to the

invention is illustrated in figures 7 tao 9. The
t heod BEi @HVeS &ipta Kbu@addihe: ¢urkes ildnand dgs Jistiiie the temperature

K5) n ' i gu opt aj for

el ecg{sﬁﬂ{l‘@%ﬁr éﬁﬁ‘édlgpécﬁi %ﬁ&r'{erng%u?%eg“@qﬂoga@égﬁ%}g? 5pUps and an
to t fiterafyesiceBmAAYSY carrebpandih@to a provesaiithefedidianke R of the
el ectrons fromthe reference layer 1 to the storage _

| ayetuntel ungtioh@and afdhe stipiane & of thedunnek jungtios BS=2%wn’. During

curves K1 to K5, and the curves 17 ar}d 18, iJlustrate )
t he engheiaipn ol theipuise, Hn IesaPeratyra ot dhg iyictigndngreases rapidly to

pul s it 1,0 5 : O, Nt '

DeoefiAly BB R e AR BAS 7 SR ogeraure
R of Th&g, whemeed cirestis @mnansd,ahe téepetatiirceropsHackirapidly to the
tunnel junction RS=252nR2. During the duration of the

pul sambiant teewpesatare by hgatdifugiomde it extrinabelestrodes 12 and 13

rapl %h%hta?ct as thermostats.

The three curves K1, K2 and K3 represented in figure 7 illustrate the
variation of the temperature distributions in magnetic devices according to
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
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
thickness of 5nm (X3-X4) and of a layer of BiTe with a thickness of 5nm (X4-
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reach a permanent reginme corresponding to the maxi mum
tenperature. Then, when the current is annulled, the
tenperature drops back rapidly to the 15 anbi ent
tenperature by heat diffusion tg the externa

el ectrodes 12 and 13 which act as thernostats. The
three curves Ki, K2 and K3 represented in figure 7
illustrate the variation of the tenperature

di stributions in magnetic devices according to 20

fi gykgggstﬁéﬁ’é@%ivﬁwgr %Eﬂrﬁé}he ﬁyﬁ{essﬂa‘?a%es%a)ﬂernﬁgé}?‘d the second
devi cés also eac conprise a [ayer of tantal um

arr aggefote 18he gap conprised 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 forned by a

o Ko Tl O oird ghef o The Rl Rofl P B hlglbr  tayer

( X4- ‘i .
e3P RSP e O s

t he outGrenKX4+%6) suoesssbelpastagdd bgtvederntheasteragsf layer 4 and the
with a 30 thickness of 5nm (X3-X4) and of a | ayer of

Bi TeSegang eleekpdkAdss of 5nm (X4 13 X5), successively
arranged between the storage |ayer 4 and the second

el ectrode 13. The |l ayer 14 corresponding to the curve

K3 i phé Qigedf Qemndlt Battiend doksain Ractrendbleftehpevattifesacomprised
t hi ckness of 5nm (X3-X4) and of a |layer of BiTe with a

t hi ceteesenof 00°Crand X75%6)to keideachsad dn therlayergBwgnetic (X0-X3),
13, “WRENJSERErSEAES i TaselPrE RongD B i B fkpg OBrained in a
t ' t A7, -

| SRS b RESIo50 pAh BRI YepRe H0rpo 7 86l dubstanialy

t enplenet Uhais 100C).HEne kffioierttygbfethet tharmahbarrier is all the better the
t enper at ures_ obt ai ned i i ce accordi

d
pri olar&ﬁrtitS(W%\eésel,ndeaagv@"iq, %i%r%tegdg'@g th%aht(E_\?Howeven the
Ibgr . gcﬁkﬂlggs é?ﬁa hhg?@%{ ?é{rfef H@%thftertrﬁ@rattﬂr%r d&rease kinetics once
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.

The temperature distributions 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.
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
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



| arger its thickness. Indeed, curve K3 is greater than
curve K2. However, the 1s thickness of the thernal
barrier limts the tenperature decrease kinetics once
the current has been annul | ed. Nbreover to reduce the
el ectric consunption necessary f L Qr heatlng, t he
storage | ayer 4 preferably has a smal | thickness, for
exanpl e about 8nm 20 The tenperature di stributions
represented by the curves K1 to K3 are obtained for
an alum na tunnel barrier 3. As alumna is a good heat

- omovaiiebehol P i0ROeN G ol f arF 14)ef [ Hire W x4y lccessively
r ef e%ﬁ@\gehwﬁ/eénttﬁetﬁﬁﬁ éléét%d@ﬁ?céﬁooﬁ% ré?ereﬁée Té’yer 1. The layer

limt this heat loss which Is detri nental
ef f i dddadderdicahteathierigyer t4 csrrespmnilmgjtoamemwmt @he temperature

:= PS;ﬁitﬁezg topaise e A3 h gt g deels vt 'ihﬁlﬁpfmh! aher than
gsl |1 ust ra %ee?f Jh%ﬁ%@lg "E&Q{)ﬁﬁ%&@glﬁ?o“ gure

devi ce conpr|S|ng a flrst and a second thermal barrier
respectively forned by a layer 14 and a | ayer 15. The

| ayefigtsei S iiustrades ape gtegtp@@akﬁur@ cligtribution fewveakid) obtained for a

suiocBEUEE el righha AgBRE LR Parie b o Bl vpe harier 3 e
and bhg 4 ?ﬁ'ﬁr%ﬁﬁal BAfierliorrhBa Ay :acy%ﬁl 14 Tﬁ@rﬁgﬁﬁéﬂ barrier 3 is

to the layer 14 corresponding to the rve Kl

10 t enplaranedr by ansiliba leyer agth Iaayhlckms@(@mmrrs abeulayer 14 and

20

300C, .which js erefore hi r 5 in the case
use BATCLENCEy iﬁ‘ﬁ’e‘f elaﬁealreﬁ%?qtgﬁﬁ’ Efﬂ“}‘c%'ct&’r #399@1?0”??@@[?@"9 to the
9 il bys grﬁéeThEh%rﬁ\f?éTgﬁfré‘tHrtﬁedétéFa{ eb%&bP'l ﬁf&%f i€%bout 175°C

obt ained for a conprisin rdt

bar r {ceirvd cb*fﬂjﬁdhénefar’eehlgheﬂeharbahtéltemp%ram@kff aadwligée having an
first thermal barrier forned % the layer 14. The
t unnaluriag rtuapelzbagier 03 f(guyedKBY whase ierapergiwe dpes not exceed

h 6nm.._The.| d fere | .
15 ar BT s oo loalie: £2Fvel Yot bGIGUERER 1 RFlerC) than
the alumina (36.7W/m/°C) and thus enables heat to be confined more efficiently

in the storage layer 4.

The invention is not limited to the embodiments represented. In particular,

any combination of the first, second and third thermal barriers is possible.
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curve K2. The tenperature in the storage |ayer 4

(XO X3) is about 175C (curve K5), therefore higher
than the tenperature of a device having an al um na
tunnel barrier 3 (curve K2) whose tenperature does not
exceed 1ls 150C. Indeed, silica {f®s a | ower thernal
conductivity (1.5WnC) than alumna (36.7Wm C) and
t hus enabl es heat to be confined nore efficiently in
the storage |ayer 4. The invention is not limted to
t he enbodi nents represented. In particular, 20 any
copdipad i on of the first, second and third thernal
barriers is possible. 15 Cains 1. Magnetic device
successively conprising a first electrode (12), a

t t | t | I si
first. 'ﬁagﬁ%ﬁc? deli5 GLiopaSHEY RPPTaINet or bnce | ayer

and havi ng aa l's)i ?e rrHa%n(qbszation (2), an electrically
0

i nsul ati ng Iayer rmng a’tunnel barrier (3) and a

second mmagneii endgnetic (tdnndlofjumdiona wo@eageelyammprm a first
having a reversib direction magnetization (5),
an i nt er medi @agnehcyéayqr 1(4)) fO!’fﬁlﬁQ %\ rgt&f@w &ﬂ)@ét&r@dba\”ng a fixed

d h
ayer (14) BRGRPEEAED &5 pb SecifhalbiielBliRh FEiE Hhfping 2 tunne
Oy @ materl Gharfi@y(3)chrdi 4R8BS "F&@'F\@Hé'léyért(éf) foPRig 4 Rédtrage layer

5Wnm C. 15 2. Device according to claim
char act eri zeshd hawhgta mveemhﬂa@nebﬂonnhagﬁﬂzaﬂm (5)s

f or ned byala 45% a\rran@ gﬂbetvveenthefirst
el ectrode (13) "5?\" eqigle laversti Yhagnetic 1 ayer (1). 20
3. Device ac [ clains 1 and 2,
characterlze%‘mgst%%%t teﬁe OBE (t‘gf
device characterized in that the intermediate layer (14) constitutes a first

thermal barrier formed by a material having a thermal conductivity lower than
5W/m/°C.

2. Device according to claim 1, characterized in that a second thermal
barrier is formed by a layer (15) arranged between the first electrode (12) and

the first magnetic layer (1).

3. Device according to one of the claims 1 and 2, characterized in that the
material of the first and/or second thermal barriers has an electrical
conductivity such that the electrical resistance of the thermal barrier is

substantially lower than the electrical resistance of the tunnel barrier (3).

4. Device according to any one of the claims 1 to 3, characterized in that
the material of the first and/or second thermal barriers comprises at least one
alloy containing at least one element chosen from arsenic, antimony,
bismuth, germanium, tin and lead and containing at least one element
chosen from sulphur, selenium, tellurium, aluminium, gallium, indium and

thallium.
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accoPdi REVICs adcsrding to claimatcharaetarized ﬂhtitat tﬂh% material of the first
d
7ot bl Sepbit 14l b e ERRACH! BEEIBhe BAUHA fposen rom

Cef l laﬁtheﬂftﬁﬁeodﬁ'mmm pragesNyrhim, SRRy, €SaARIrM, europium,
10 gadolinium thulium ytterbium thorium and

ur angagelinumpdiive, ygediwnniforiumaagd graniom. t he cl ai ns

1 to 6, characterized in that, the first thernmal

barrier being formed by an ant i -ferromagnetic | ayer,

the 7de{§éﬁ§e%&f§8Fdlﬁ o AriyasHe b ﬂ}@@f&ﬁﬁ@'f f9s! EMQF gfé'r%bd in that,

arranged between th 157 first thernmal barrrer
secdhe fimsyrtbermal agaier (dging Jorredi oy am:anndengrrtagnetlc layer, the
claim7, characterized in that the nmaterial

nrvice GORTRBRS R MagRstic dagouningakah (1 9lorranded between the
i A e R

8. Device according to claim 7, characterized in that the material of the
magnetic decoupling layer (19) is chosen from tantalum, chromium,

vanadium, manganese and platinum.

9. Device according to any one of the claims 1 to 8, characterized in that a

third thermal barrier is formed by the tunnel barrier (3).

10. Device according to claim 9, characterized in that the material of the
tunnel barrier (3) is chosen from silicon oxide, zirconium oxide and titanium

oxide.

11. Read/write method of a magnetic device according to any one of thé

claims 1 to 10, characterized in that :
- a write phase comprises flow of an electric current (I1), through
the tunnel junction, from the second magnetic layer (4) to the first



9. Device according to any one of the clains 1 to 8,
characterized in that a third thermal barrier is
formed by the tunnel barrier (3). 10. Device according
to claim9, characterized in that the material of the
25 tunnel barrier (3) is chosgp fromsilicon oxide,
zirconium oxi de and titanium oxide. 11. Read/wite
nmet hod of a magneti c device according to any one of
the clains 1 to 10, characterized in that 30 - a wite
phase conprises flow of an electric current (11),

| ayer (4 Tipandicieydi( A G OGN S ¥raBRETE e (4) to
heat the s C;ﬂ@é??%é}ﬁgia%tl{i@’%aﬁ@hé Obloacihfgg,tmﬁperature of the
nthe blo

t enper at ur cking tenperature of the
magnet i zat hynebyandn (3)ef dee saconthmagnetic layped4) 4) |

and a read phase conprises flow of an electr] re
(12) -5 t mndughraas phasnceomaees diow rofoan: RECFY efiftent (2),

magnetic | gyeloh the tohhdi funGBRO BBt fdghEBE 1aylr (1) to the

second magnetic layer (4).



