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“magnetic an

-1- MAGNETIC MEMORY WITH A MAGNETIC TUNNEL JUNCTION
WRITTEN IN A THERMALLY ASSISTED MANNER, AND METHOD FOR
WRITING THE SAME 5 Technical field The present invention relates to
the field of magnetic memories, and in particular to non-volatile random
access magnetic memories that allowl data to be stored and read in
eleMAGNEYRIEMSEMIODR 3 &CTICHI %, MAGNEMC dRINNBECESNCTION
magnetwmmﬁ@mkﬂwwﬁw &gs-‘l@’}f:Eﬁ

tunnel junction. The invention also concerns a thermomagnetic ' method for
writing in such a WMA%EE.I;!OB BRR XYMTﬂﬁ%%Mﬁemories have
aroused renewed interest with the development of magnetic tunnel
junediansiéM Rigaving a high magnetoresistance at ambient

temperature_,These random-access, magnetic ories offer.numerous
advantages: 28 PISSEBLRY {}H@%ﬁ%‘%ﬁ&?‘&%mﬁ Metw MCMOTIES,
nagiskéearaatipulan da-nomrtiipjatile arisddatigaecss inagretitnm emo mestitpt
- iﬁﬂ@%@&ﬂ%@ﬂ@%f&lraﬁ@ﬁ%ﬂ ??54}&:&&“ I ic@%&te’#f@."m%fécsg@@iﬁ%ﬁlly,
memories using.more  conventional technglo ased on the char
e RO RO A TR,
urfoErpaisstbafgh AR st melgHBasERemories that were
manufactured, the 30 memory point consisted of an element with "giant
magnetoresisigneve fABIPTIERH Ahatant of SRR AUEIANY Memod for
non-magnetic metallic layers. A detal ed escription of this
ty S BRGNS RD &M EBOIund, for example, in the documents US-A-4
949 039 and US-A-S 159 513 for the basic structure, and in the
doppimES-A-S 343 422 for the 35 production of a RAM memory from
h b . -2-
t.ese aSICﬂEﬁWSmagnetic_ memories have aroused renewed interest
. with the development of magnetic tunnel junctions (MTJ) having a high

magnetoresistance at ambient temperature. These random-access

magnetic memories offer numerous advantages:
- speed (writing and reading take only a few nanoseconds);
- non-volatility;
- lack of fatigue during reading and writing;
- insensitivity to ionizing radiation. |

As such, they are likely to replace memories using more
conventional technology, based on the charge state of a capacity
(DRAM, SRAM, FLASH) and thus to become a universal memory.

In the first magnetic memories that were manufactured, the
memory point consisted of an element with "giant magnetoresistance",
comprised of a stack of several alternatively magnetic and non-magnetic
metallic layers. A detailed description of this type of structure can be
found, for example, in the documents US-A-4 949 039 and US-A-5 159
513 for the basic structure, and in the document US-A-5 343 422 for the
production of a RAM memory from these basic structures.
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By virtue of its architecture, this technology allows non-volatile memories
to be made with a simple technology, but having limited capacity. The
fact that the memory elements are connected in series along each line
limits the possibility of integration since the signal grows 5 increasingly
weak when the number of elements iréreases. The development of

magnetic Bgel iueloni(V R IS et P RO R on-volatile
per ormances and the oqge. opetation thes me ries to.be ,. .
PHeERC T IR PSRN SetisRIof R RAORE timited

tuRABRGIRCtibhh So6th s dhecHsaaOTyr EREIRIE, AGhEORRRGIAfAR series
US1éag e4thHide linisinsiplesbitions fhee arstconynisechefsigml grows
LTI r iffer HVIty. ; I insulating
layer. 1%4%{695? r%%%%%%ﬁe %éc}tlgﬁgl\%%{gl\{ﬁsg #g%/%%gr%érgone
improvements, for example, as described in the document US-A-6 021
065 and in thhedeleddpméiowh al agrepicliathRely ginsttiovio(MT) L 98dinory

PSS I AR SHRYIHE PG thafiScshARIRDEEWR D EBPRARTIAVY these
elément (10) is.com “Sﬁﬁ obthe combination of a CMOS fransistor (12
Y6 R s

2038 LR A (R SRS (LAPRS f&ﬁ‘éﬁ?&ﬂ?ﬂf‘&’cﬂﬂﬁﬁé@‘ﬁ?
leagagnelith dgnost |Hyeeticn) bavedbeesiodaseribgds” fanhxamsplatinig the
Ia)dt;fc(ﬁﬂéé%ngs-m@ B@U?@B{EIr{ﬂi’éiﬁ@ﬂﬂ%l@s"ﬂi&fﬁﬂ@Belﬁ)é@g"cBﬂﬁpris_ed of
preferred, but not in any limiti anner, to m the tw. netic,, .

AT S I e e
Iayéﬁ%a&mgv@dﬁénally made of alumina (A1203). The magnetic layer

(22) is preferably coupled to an anti-ferromagnetic layer (23) the function

of which is t t . (2 hat its, gr}@?g' /Y q%;ﬁf '

or switch re\?el\{rrés%lgl qﬁng}e{rg{ ée%ﬁ%io?g%%@%ma mggr?etlc :‘}g[:lé?&(g%e

Pr&é’r%ﬂif?’f}?é‘%fg%n%%?’(ﬂé)W‘i@@flﬂethﬁrﬁﬁﬁBEEFB? Yevérh 021

Ia;ﬂffﬁmﬂidaihldtpab]&qaﬁmap‘fﬂmriunﬂw‘d@m]mdrfhﬁiés&%ﬁl:m it997,

Orﬁiﬁééoigr?ﬁ@%rﬁd’ ?ﬂ&%?ﬂf'f&rﬁ%ﬂﬁgﬂ'g%ﬁﬁg %P%%.E’d?%s?%ﬁ'%&nory

e A S LRI 1
and an MT]J tunnel junction (11). Said tunnel junction (11) comprises at
least one magnetic layer (20) called a "storage layer", a thin insulating
layer (21) and a magnetic layer (22) called a "reference layer".

It is preferred, but not in any limiting manner, to make the two
magnetic layers from 3d metals (Fe, Co, Ni) and alloys thereof, and the
insulating layer is conventionally made of alumina (Al,03). The magnetic
layer (22) is preferably coupled to an anti-ferromagnetic layer (23) the
function of which is to trap the layer (22) so that its magnetization does
not switch, or switch reversibly under the effect of an external magnetic
field. Preferably the reference layer (22) may itself be comprised of
several layers, as described, for example, in the document US-A-5 583
725 in order to form a synthetic anti-ferromagnetic layer.

It is also possible to replace the single tunnel junction with a
double tunnel junction, as described in the publication Y. Saito et al.,
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Journal of Magnetism and Magnetic Materials vol. 223 (2001) page 293.
In this case the storage layer is sandwiched between two thin insulating
layers, with two reference layers located on the opposite side of said
insulating layers. 5 When the magnetizations of the storage and reference
magnetic layers are anti-parallel, the fesistance of the junction is high. In

coysiasial W) @ldbee g aelz Mignse ste Marahrl]stvisl re&st@m@m@qgme@&

I
SR SN T R S R e
cd&gﬁrﬁte%@ ﬁyerg%ﬁﬁ@cgtdéxeaﬁ Ao maﬁtﬁ&% of said

matenhitindddyass already been specified, the junction (11) is placed
between a switching transistor (12) and a power supply line (14) (word

line) formin er electr|C|ty constl i?ﬁ e line. An electric current )
pasbing thral R HEEAE AR IRSea o ATAGR GBI 0 dBpenetic

eléaydcitpoantieparalial (he yedintines, ofether diinatispaischii ghthlimgooativst,

to AN d th etﬁémﬁsad{@ Recantkragsaiedisbiiig eslicetle
Wheg?a curren% 8?§%fed th said line. 20 In rltlnﬁ mode th ‘

trd s ({3 &eséfﬁ 0 c'&? R EPETSr ﬁw%ﬁ‘g?y@%&a”y
traaﬁamoﬂoé’urbémapuwcaﬁr@qéas@@mnr@fgmam@ @W’léhlf)hlppf_’}‘lﬁﬁél(wll)he

angytbrodhtlises(ash- ﬁ'ﬁ'@’dhﬂF&jiiQmﬁﬂlidétﬁ{@fﬁfﬂﬂ&lﬁisbjeﬁadﬂ@liwﬂs has

| .
o AIRdA lz.%%%% e e %5%%?% a8 Beedllictlirching
|a§@nse§§9r @fé&ﬁ%ﬁt@p&é@a AAH(werdling Sosarngaspheger
aoelemimgtlyo dsmhsmmagnenmimieamﬁ: iontdat assingsehmoegkidal tdtter
il h%@g'%?giﬁﬁﬂr ﬁ%?%@éé%”?\'qé&%f”%@%%%@”%ﬁaﬁ%?#m@gﬂ15
ﬁ@‘ﬁ%b@ﬁ)‘ﬁﬂgﬁ%% 881 Xuﬁ%ﬂﬁ%{l@eﬁﬁzﬂg@%i
cuatherlalseamudtlnmgaaﬂelﬁ@id)de bé griodwandisthen Bheusteotris passed

Q418 theeline (14) passes only through the memory point,
whose ransistor is placed in saturated mode. This electric current

In writing mode the transistor (12) is blocked, and no current
therefore passes through the transistor. Current pulses are passed through
the power supply line (14) and through line (15). The junction (11) is
therefore subjected to two orthogonal magnetic fields. One is applied
according to the difficult magnetization axis of the storage layer, which is
also termed "free layer" (22), in order to reduce its reversal field, while
the other is applied according to its easy magnetization axis in order to
cause a reversal of magnetization and therefore writing in the memory
point.

In reading mode the transistor (12) is placed in saturated mode,
that is, the electric current passing through this transistor is maximum, by
sending a positive current pulse into the gate electrode of said transistor.
The electric current sent to the line (14) passes only through the memory
point, whose transistor is placed in saturated mode. This electric current
allows the resistance of the junction of this memory point to be
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35 allows the resistance of the junction of this memory point to be -4-
measured. By comparison with a reference memory point, it is then
known whether the magnetization of the storage layer (22) is parallel or
anti-parallel to that of the reference layer (20). The state of the memory
point in question ("0" or " 1 ") can thus'e determined. As will have been

untieestoed. thy ntegmnedidsoel dvpitls es rgﬁasremhsdtt@mbeytvpmimea(lm 1l9n
aligio e WAGHREAROR ALGR ACALGE MetiFRLLRRPYIS o IR or
the ertlglg yﬂF ces ﬁé etlc f| Id pu@ produ .ﬁgﬁ?/ sending
shifitizh¥a T)l:[ﬂ)s %5 563% o ﬂfﬁﬁj SRS tERsmemory
(typicatlyriepmestinar(’ ID' mlliél’r)p@areﬁ)ualbﬂgatfemmﬁdnt lines (14, 15). The
intensity of these pulses and their synchronization are adjusted so that

only the ma netlz on of the memo int located at the inte tion

these two ¢ Fen‘?’ B}leg seIESFed pofg/?fggﬂ%w ?ﬁ\ l%%l?etﬂg eﬁe@ Opﬂf%es
mggnétmrébwtbfgbﬁérhm olAhESedlepnihectargnetizasior oidrastprage
pqlﬁgzérsm@tq@ Qe Hielﬁﬂm tmlﬁ tﬂ@esﬁﬁfiﬁlﬂgﬂ#m@ﬁnﬁi@décﬁdgnetlc

PR BRI B SRS ORY SRS 10

COI’] uc are noE[ reveréae

erRARESPRANAR AY H@@&tm@m |&ﬁ@é%ﬁl§a&@&‘ﬁy @mné(%h@whweres)
pranﬁsg tiiésoneraastneto(lde h3gniDhy potetsivito fithakignitegscdodrtheir

é‘ijﬁ’oﬁ'ﬂ pion CiFéCE t&st%ﬂmédalHﬂﬁﬁsorﬁ?rqﬁgdﬁlagf%tﬁﬁhm'bf the

nt tOWId rat iIcally 1.5, and more

ge‘S‘ﬁ’F@f?Wsl?% ?66 alinthss mﬁ?g%esﬁlgwg ﬁﬁ‘?&ﬁo% ¢HERSRt nhiges
~ weedefitedd ptxim)s catheswitthonndointtberrefpondifigtie stmeghetiandiedd

S@enGied 5 Rtk GROCCHHRELSR e THAtHBRIVRBH 9 ﬁﬁgecbmxbn

d h I d I
P SR R o R A A oD §F§omfg; ittt

thisubientresbrdoc theaagagty dirlérefovalyrent olethasemeaciass{ddids)
of fhgseomRpatBeHFSnot reversed.

In order to ensure that this architecture functions satisfactorily
during the writing process, it is necessary to use memory points with an
anisotropic form, generally ellipses, crescents, semi-ellipses, diamonds,
etc. with high length-to-width ratios, typically 1.5 and more (see figure
2). This geometry is required to obtain:

- first, bi-stable functioning, that is, two well-defined states of the
memory point corresponding to state "1" and to state "0";

- second, good writing selectivity between the selected memory
points and the semi-selected memory points located on the same
line or the same column;

- good thermal and temporal stability.

The limits of this architecture can be clearly understood from
the structural mechanism of these memory points.

Since writing is formed by an external magnetic field, it is
subject to the value of the individual reversal field of each memory point.
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35 Since writing is formed by an external magnetic field, it is subject to
the value of the individual reversal field of each memory point. -5- If the
distribution function of the reversal fields for all the memory points is wide
(it is not uniform owing to manufacturing constraints and intrinsic
statistical fluctuations), it is necessarysthat the magnetic field at the
seléml@dim&ibutiopcﬁmaeogreﬁt&fetmmtbﬁ tighksfoiexHriad fiedehok P points

distri t

s:tslu%tt e@gg;{r&k ﬁﬁ%ggﬂhne or eygr%‘%ﬁ:é%g}s fle((% (#91%@ and
|oeatea%mﬁatréw LR BIAIR b bols, REGRSSRDr ek TSRS e i
gethxeraécbmdtmmeryrpbmd:duengnaamnethﬁmmherh%heﬂtorm/mnﬂieﬁ&lﬂ of

engUEENALAC ARSHROFSROYH RLMEHAM P ARG RGN RfoW stns
10 current must be limited in, sugh a manner as tp never e ?éar
R L T Bﬂmnégm‘éera@i? {ele Ohpwiic
didoitateibin theHewiek prrhof Witirigutiondie vteakercthamytheo imtagnttic ﬁeld

lmgéﬁ@ﬁit‘éﬂ BiySaie line dndiseistammaliie CuRIEsERId if RAIRRIRS to

rt of dlstrlbutlon In other ord this selection arghitec
by aﬁllpagr%%ta{lc Perflae u3| meﬁ%‘?ﬁmg r% osrliconoructorg can éflngI}vtlfé

to eltiaeab ISt yeosmiteenin Heh. INMRADST AL IaBEViRAL ¢txeeésip£@tethese
thaﬁéhm@thu@omﬁelnﬁtargmatthﬁém/etﬁabit@dﬂﬁﬁtgthe nagENIBWOOIpESt of

W" RBAAdetRS }%Wé SHcE ;gﬁ?jﬁ ﬁ.‘é‘&‘?ﬂ% §%§ %ﬁ&t‘%ﬂhe

e memofy oints orm, irregu arit that domln
m&@t@é‘i%ﬂaﬁ? vaiddimscand saig, colidoa

prélaiappenpazatiofidi2fiutdonding to an |mprovement descrlbed in the
document US- A-5 959 880, the aspect ratio of the memory point can be

reduced by _using the intrinsi tro of the materl that forms the

storage layeP (%Eﬁvﬁ”&ﬁlﬁe fﬁ%‘dq %@gﬁrﬁy Kedpgenetic field
magingolingstaalik cebmas)py) @aéﬂn@)mecmm&ye kadedfaddressing
Syé%%@s \Mﬁéﬁh WRERPPIAaCk WOVEYRE: tRetieRNRoralior dRpEPRUS Mallithe

of 31 SAYSHN %unctlon of the reversal fields of the memory points will

grow wider as their dimension decreases, since it is the geometry of the
memory points (form, irregularity, defect) that dominates the
magnetization reversal mechanism, this effect can only worsen in future
product generations. |

According to an improvement described in the document US-

A-5 959 880, the aspect ratio of the memory point can be reduced by

using the intrinsic anisotropy of the material that forms the storage layer

(known to the person skilled in the art by the term magnetocrystalline

anisotropy) to define the two stable states of the system. With this

approach, however, the temporal or thermal stability of the system is no

longer guaranteed because it is the same physical parameter that governs
the writing process and thermal stability:

- if magnetocrystalline anisotropy is high, the system is stable (in

time and in temperature) and both states of the memory point are

well defined. On the other hand, the magnetic field required to
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longer guaranteed because it is the same physical parameter that governs
the writing process and thermal stability: - if magnetocrystalline anisotropy
is high, the system is stable (in time and in temperature) and both states
of the memory point are 35 well defined. On the other hand, the magnetic
field required to -6- reverse the magné[i‘zation of said memory point from
one stablerestatsetthanoifgictizativtitiof) Sadijrismignifisantt frdiheiefamble

the_powelcRpIy gL AReHHIARI9GE SRR BeRt, JRMErerie the

magnetocrystalline anisotr ay is low, the power 5 consumed when writing

is low, butRASThECASH P%f%iﬁf??@ﬁd’ﬂ?ﬁﬁé? L8k,
Furthermotthetsedyesf stagetictyistatimornipointpyeidldefinte: power

begausi_t?%ﬁéﬂfé%t_iCﬁH&Piﬁﬁ?ﬁiﬂ%’tn@t@%@}'m%ﬁﬁ%ft’llﬁ’i’fglhﬁrﬁrﬁf(’j”ﬂ@ﬂfﬁoral
and multip ending gn_the cycle in the : n.,other words, it Is

impossiblesf%ggﬁxjﬁ%ﬁgeﬁf)srﬁﬁ%rn%%?g?&vﬁ H&ﬁ%’i’%%%&‘?ﬁp%ﬂ I ﬁ?etﬁ%gif
and tempdhs BlabINEY Retdraeg Hodshined keeaventhie seripetinstorctures

example, H¢thl® RRIeREMSAfoiI R8sl endoma RS S TepeHa@ on
the memo%eoointl%urrli@g tkﬁ%l riting process by opening the transistor

(12), the purpggg 1elng o Induce significant heating of said memory

point. Heating of the memory point produces a lowering of the magnetic
field requirethfothetritngedOuiing thipgdsilsie ito veinehlthademperaisuecofiow

thgaggf%%%%q&gmm Gramd @éﬂi}?ﬁrﬁ}% f the other
memory points, current pulses are sent to the lines (14, 15) to create two
orthogonal magnetic fields, allowing the magnetization of the storage
layer of the AIQM)iﬂﬁIig tpjmtidmpod&emmﬂpldedcﬁhésivdmirfgrvehmmiﬁe, the
theeRaAI ASSiSied 8 SRdies vitiae PRIREQREANMRIBUYRRE SIRBAFHA Noint

h E T O e

tebgisgatarinduastsegnifinas! theating evaaitk menaseyiteainh Heatioguehidhe

AiMSHOREFERINDYIdiR@s a lowering of the magnetic field required for
writing. During this phase in which the temperature of the addressed
point is significantly higher than that of the other memory points, current
pulses are sent to the lines (14, 15) to create two orthogonal magnetic
fields, allowing the magnetization of the storage layer of the junction in
question to be switched. This writing, which is thermally assisted,
enables writing selection to be improved since only the selected memory
point is heated; the other semi-selected memory points on the same line
or the same column remain at ambient temperature. In other words, the
improvement described in this document aims at increasing writing
selectivity by heating the addressed junction while retaining the basic
concept of writing by sending two pulses of orthogonal magnetic fields.

Other addressing methods, also based on raising the
temperature of the memory point but utilizing a single magnetic field or
magnetic switching by injecting spin polarized current into the storage
layer have been described in the documents FR 2 829 867 and FR 2 8§29
868.
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selectivity by heating the addressed junction while retaining the basic
concept of writing by sending two pulses of orthogonal magnetic fields. 30
Other addressing methods, also based on raising the temperature of the
memory point but utilizing a single m 9netic field or magnetic switching

by injecting spin polarized current info‘thie storage layer have been
described irlthe duplenenmteh 208285 7TheatifrRk of 8h0 84681 Themory

”‘ﬁé‘?ﬁ@%’ffé?@&ﬁr%@aﬂ%ﬂ%@i tQﬁléﬁE%@’cH‘ﬁ{EHﬁbrP@M l?éfﬁ{gée of:
various adva]]ltg es W ich ntlon canb ﬁfn?% de of a sub sta tlaI
improvémént %ﬁﬁﬁ% E?Vf‘r&?eét 4B Wil Sme ‘Er&‘iyposrm‘iSB ply the
written is heam@r}spcargdbétanﬁamm%heﬂtedu in writing selectivity by

utilizing. mateiBliaiinla s suiding ftelwttmgb@mééﬁ rwretﬁt&m

|mprovement of sat%blll In g zero me etfc(e ntretg{nq/ utili zmg
Intri 0

Wi
materials vI\}lt% igh mag ne |c |so NSIC or

the memo.a,pptmﬁmteatﬁareﬂf iatl Fﬁttﬁeﬁ ZO1OtHR28BeEDIfitg! 6@%@0@
reducing th sitidiginid enaeriglsy wittnta Wiiglo uh afiestio ot slapilitidimitsic

by utilizing [
mperati. B e o o C ot g, 10 Hha Bt peratuc
presentindBRIRASHNR HeFTspHn NG Hhartigest ntlaﬁtrsﬁewabmm
by Iower|ngviﬂmuta@ﬁedzlzagdherestm]rdai}tlhlnhlt)fhyreltﬂmmgmmmﬁy with a
selecting g)pKtiGUIH GROMRIBHBPS A ARHBTIAIV ok In particular by
implementing a circular geometry.It has in 20 fact been demonstrated -
and thls is the heart of the present invention - that in the context of such a
gesorpt myen@eint, the anisotropy of the form of the
memory point WhICh is responsrble for an increase in the magnetization
reversal fiel Q. As onseque ce. he electri rre red t0
effect the wﬁtlng iffJeCt S e ol Ul cf co%srd ITuze the

a memor om?ma ]ilowere

thadNaniagmy agetgteaqﬁmm@ebprrhawmguﬁhe magnetization reversal field

of the memory point by selecting a particular geometry of said memory
point, and in particular by implementing a circular geometry. It has in
fact been demonstrated - and this is the heart of the present invention -
that in the context of such a circular geometry of the memory point, the
anisotropy of the form of the memory point which is responsible for an
increase in the magnetization reversal field is zero. As a consequence, the
electric power required to effect the writing of a memory point may be
lowered considerably in the thermally assisted writing approach. This
result is a decisive advantage, in particular for portable applications and
applications in SOI technology (silicon on insulator).

In this respect it is appropriate to emphasize that simply using a
circular geometry, as described in the above-mentioned document US-A-
5 959 880, without using either the thermally assisted writing approach
or optimization as described in the present invention, does not allow the
desired functionality to be provided since it is then impossible, for the
reason described above, to ensure simultaneously a low power
consumption and thermal and temporal stability.
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result is a decisive advantage, in particular for portable applications and
applications in SOI technology (silicon on insulator). In this respect it is
appropriate to emphasize that simply using a 30 circular geometry, as
described in the above-mentioned document US-A 5 959 880, without
using either the thermally assisted wril$n'g approach or optimization as
described inThespitesanténsienticon ctens naigliatichacargyedith thermally

d“e%%‘%%ﬂfgj%&&%%%é%%%g%@% oLtV 23%%53}5“ B e aetic

antRslHR cirP RSP oty ctipnreh winehipgcaliehie shedinng of the
maayesc foemngy thithttnaehalinctssisted cindtitay, eactubséantiallyocirodlar,

whighiig,ee@Rtaed s mmﬂ% Jdunagljunction, and the cross-section

of which para e,[l to the planeﬂi(éi.t e, layers forming the tunnel junction is
circular or BUBSISTRAST APRERSIICS LAV IFEPRhchon KBRSV leatie
- a referenteagngiiretiommoémhichdsiia aiappedirggtionthe magnetization

of which isgnsg @A HueaHAb; lafeHofasugemagrieds layer! eHYRHRBCAISE of
layer", the diaecr:lté r%a; ma nwt'% t'hcs)n g;ivxgliec,h is variable; 10 - an
insulating Igllygr, pfacegrbe ween the free layér and the trapped layer, and

in whictr thestesalfding dveridreeddr eieer thn érep avrigrrdichfalrapped
that is, havisngergduced magnetic anisotropy, preferably lower than 10

%ﬁﬁﬁ‘ﬁ%@%@%ﬁ?ﬁ?ﬁ%ﬁ%@%@a| géﬁ%?éegeé‘ SRf ogneic

in (KRt that ddehatingsrapers e FeHs AnsA Wﬁﬁm% WeF thap

is $6le0tdtad baidwtyipéchlbckingaterapee abete edithé faied Snderafmabdand a

'3%?5515%@?&;‘%{9%&'@%Qa%?stﬁaﬁgrﬁ%ﬁéfdﬁﬁ?bdﬁﬁmﬁ dbaRpiRg

dISEilfé)earS QB cordln%tto one advanta e(EJthl%%ect of th(izlnventlgn,

th@USAMAYARHESaGRF %E%B}BE@YHE%P Y2 WKL OB O

anat rest is selected at below the blocking temperature of the free and
trapped layers respectively, that is, the temperature at which magnetic
trapping disappears.

According to one advantageous aspect of the invention, the soft
magnetic layer of the storage layer is formed by a nickel-, cobalt- and
iron-based alloy and the trapping layer is formed by an iron- and cobalt-
based alloy, or by a manganese-based anti-ferromagnetic alloy, or by
amorphous rare earth- and transition metal-based alloys.

Still according to the invention, the reference layer or trapped
layer is preferably formed by an artificial anti-ferromagnetic synthetic
layer comprised of two ferromagnetic layers of nickel-, cobalt- and iron-
based alloys, separated by a non-magnetic layer, in such a manner that
the magnetizations of the two ferromagnetic layers are anti-parallel.

As is known to the person skilled in the art, the storage and
reference layers may in addition comprise, near the interface with the
tunnel barrier, an additional layer of cobalt or cobalt-rich alloy intended
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iron-based alloy and the trapping layer is formed by an iron- and cobalt-
based alloy, or by a manganese-based anti-ferromagnetic alloy, or by 25
amorphous rare earth- and transition metal-based alloys. Still according to
the invention, the reference layer or trapped layer is preferably formed by
an artificial anti-ferromagnetic synthétrc™ layer comprised of two
fetormagestic thyepolifrinekieh, ofbte anthebrBotbasehatdoykerefore the
SepARIEdRNL AR ARPIRIdayer, in such a manner that the
magnetizations of the two ferromagnetic layers are anti-parallel. As is
known to the person skilled in the art, the storage and reference layers
may in addifmeeulingitehenvatione the awitot) e eBitaane Idyganézedas
additippaldayereatRopangs §oNsdnticthallay iptpndetbd-4p insrenskthe a
po'aﬂﬁaﬂ R S %'%%H@?SE‘E‘% i IB%f?;r{aen%*}Eto?‘axgﬁﬁt%e?Stagce
arﬁgl u%ce.v,&ccora%ﬂg 0 %Ee Invention, the memaory poirits are ofééﬂ% e
ascBTiCHWok thadrviekeaichypume Rt dRrEesdon by sémmligreously
cogiditiye:lngrancuatdist padectota sileclioid iaosistar atisawtiicardem by
can%ggiggtsgf&q?al%\@ogf a memory point in question by simultaneously
sending €lectric current pulses to said conductor and a heating current by
opening said transistor. 10 15 20 According to an advantageous feature of
the inventioA dberdingtitol taan sidvantagddisscoeatsporudind eontrvehlifmarthe
PlacaE-Or HaANsIGe JHE QMY AU AHES Ut IS TREHIE PaMUCB dhEath

|n£ntlon can be carried out.and the resultant advantages will become
cl Fetpﬁ’@m}'h@q"&‘id\r/}/ﬂ'ée%}ﬂ[}odiments, which are provided by way of

information and have no limiting effect, in support of the attached figures.

Brief descrigtipn ahififigyrehiclo ke invdaighagbeadiiegdut and the

derse%rlllﬂggt s éid%%rﬁ?argggc will become clearer from the following

embodiments, which are provided by way of information and have no
limiting effect, in support of the attached figures.

Brief description of the figures

Figure 1, which has already been described, is a schematic
representation of the architecture of a prior-art magnetic memory, the
memory points of which are formed by a magnetic tunnel junction.

Figure 2, which has also already been described, is a schematic
diagram of the forms of prior-art memory points.

Figure 3 is a schematic diagram illustrating the state of
magnetization of the layers that form the memory points, in state "1" and
state "0" respectively. ,

Figure 4A is a schematic diagram of a memory point in
accordance with a first embodiment of the invention, of which figure 4B
is a schematic top view.

Figure 5A is a schematic diagram of a memory point according
to a variant of the invention, of which figure 5B is a schematic top view.
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representation of the architecture of a prior-art magnetic memory, the 25
memory points of which are formed by a magnetic tunnel junction. Figure
2, which has also already been described, is a schematic diagram of the
forms of prior-art memory points. Figuyre 3 is a schematic diagram
illustrating the state of magnetizatio 8F the layers that form the memory
points, in stBigudd' &l B0 stath¢Matespdiaigvety. BifjLarotiieis wastEmdtia

diIBERAB O b THE TACAE RBANG e AFRA R pReddth 3l ShRBIDQHMSRE R BGre
inyention, af which figure,4B is a schematic top view. Figure 5A is a
sc&%ﬁaﬁié‘%’iﬁ@ﬂéﬁq f)g%‘fhee%ory point according 35 to a variant of the

invention, oFighish Tiglessubeis the sladenlatedoyaviation of tiguneitagsiwld
sqﬂ%]qgi?é@ diﬁ\grtaaﬁ of?ngth%n vm@gzgyegoacg%ﬂﬁ?gyna@w ir‘r@@ﬁﬁft_ t HAaNSRint
Wi e pres vention Wnl jgure S a schematic 1o, 1eWw.
R e e R
inefriksipesaenigsrabiycddterat dasaséartaesoRpengthiwigibetive

thicknesses 30 and 15 Angstrom) as a function of the length of the

mﬁrp&rﬂelao!gtsf%i a{]‘ifgﬁegf I_pi? _{9&}&53 QR:Iength/width. Detailed
d ' | hows the magnetization
orientations of the different layers that form a memory point, in particular
in the prior E_liguﬁ;ecbrslimgvsahlaalhagaatttmi_mragjeﬂ@émr(§@)fcﬂnrestﬁﬁeném
Stf‘;&}‘}fef?fﬁ&f'?&%aﬁ ﬁ%ﬁg?iﬁ%?ﬁﬁ&?%iﬁy ¢h ) éﬁ’i‘S‘rad_t?t.dAccordri]ng
anti-ferromagnetic layer : waq layers are deposited in such a
RIS PR THEREE e D ERBN S B e SRR ALR o
twenkyermmagnstiedayan 329 rmndean antimeropaignaldo kyemiibs Bhese
leaRbons 615 WA NGBy itdd3naBECA EeaRRRe Idvar S3MaAvaDtadeRalshy
compuedwit) & fpopolaKer (3% T aiehieriue s gespibed b ir.
te?mull?ap ed §§ora e layer. Mitiple .aéav%nt.ages are a Srdeq 5y e
arBrmBetyrgoint also comprises at least one insulating layer (33) and a
reference layer (34), advantageously combined with a trapping layer (35).
This architecture is described by the term trapped storage layer. Multiple
advantages are afforded by this architecture:
- the stability limit of the memory points is extended;
- insensitivity to external magnetic fields;

- possibility of effecting multi-level storages.

According to the invention, the memory point utilizing a
trapped storage layer no longer has an elongated but a circular form and
more specifically, its cross-section parallel to the plane of the layers of
which it is formed is circular. In other words, the memory point has a
cylindrical or conical profile, and is therefore rotationally symmetrical.

According to the invention, the memory point can also be of
non-circular geometry provided that its aspect ratio remains lower than
1.2 (20% difference between length and width).

As such, and as already stated above, the form anisotropy of the
memory point is minimized, significantly reducing the magnetization
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- the stability limit of the memory points is extended; - insensitivity to
external magnetic fields; - possibility of effecting multi-level storages. 25
According to the invention, the memory point utilizing a trapped storage
layer no longer has an elongated but a circular form and more
specifically, its cross-section parallel to'the plane of the layers of which it
is foversadlis aeblilat Irnhsthenemods, theintemoryhsoimibeg pyticelicalaord
copizaAkRIRNA af%i&iﬁgrﬁierélge@i@ PR ;eaalﬁp AHAADS fOhe
th |nv tlon th emaor an a etzér‘ CII’C eometr
or ORISR S LR oBEHAS OIS 10 LA D pbace Bngiyen in
beﬁgééh 7eﬂ@th%h%ﬁﬂl$9¥@% &whflgnaeaﬂlatr@émpslth@emamy, prednt
foaae@niﬁﬁtn@wwétbﬁcmm@m@w i&HBiWﬂ'th ﬂ?&l@iﬁ@ JedURIRG as
the ma%?etl éo(rg onlci c%/esrsal f fthe o%gom agr itin case
pro €ess, and consequen tr regucmg?ﬁe &lc c po Ve requwe hitd S
exgHekY oYiasa t@éphwm iacyAgRPRe Posnt dsaepnershiabelow 200

fagiorsaadiveirénadigunere Hbeapthe mﬂe@vmpmmmﬂgcqadﬁahwbeﬂbﬂi@th
m%m?&xcpggere aj?ﬂ?:%m\éegncﬁ?éjlg&ﬂ ﬁht‘flgvﬁlfg]ﬂ&? %omt has

expresse current in the conductar use to generate

magSEEERE agerIER: e Loty aliRe T thb difien SEHIBEHE e AEFyeases
paimbis teciowsky tevitkeltw dddensiomnud thermanrrgreinabrapty hslthe 200
aspgct ratio (quotient of length divided by width) increases. On the
contrary, when the memory point has 10 a circular geometry (aspect ratio
= 1), the writing field decreases monotonously with the dimension of the
memory poikt ieasiyargrge@pofonthet stosageaheage 638)for theslepeggo be

layetRQ) of e lryaatahe dhfasmes oboceesl materist whakis dbercitive
l. flelg of Whlﬁh oercmtve flleld)P Isé }Jeer%‘l've ailihlscn&g{ {rlla}lls I
pre]feﬁjb e (f% 1 cﬂ(e

]Iy anr%lyvy containing nic ron or ¢ articu

NigoregD e Al dpariodar B@@@)‘ﬂ@)ﬂ/@ﬁs&ﬁzmﬁﬂ@ﬁ&i%@k § (0B “Use
postible ¢eyraifcartherinhgnatiedi®ddpossible to reduce the magnetic field

required for writing, and therefore power consumption.

The trapping layers (31) and (35) are advantageously formed
by an anti-ferromagnetic material and in particular by a manganese-based
alloy of the type PtsoMnsg, Ir,oMngg or NisoMns,. It is important to specify
that the thicknesses, the chemical nature or the microstructure of the
trapping layers (31) and (35) differ so that their blocking temperatures
(the temperature at which the exchange coupling with the adjacent
ferromagnetic layer or, as applicable, the storage layer (30) and the
reference layer (34) are properly differentiated. More specifically, the
blocking temperature of layer (31) must be lower than that of layer (35)
in order to allow, during writing, for release of the magnetization of the
storage layer (30) for writing, without impairing the direction of
magnetization of the reference layer (34) of the same memory point.

It is advantageous for the reference layer (34) to be a synthetic
structure comprised of one anti-ferromagnetic synthetic layer and two
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required for writing, and therefore power consumption. 20 The trapping
layers (31) and (35) are advantageously formed by an anti-ferromagnetic
material and in particular by a manganese-based alloy of the type
Pt50Mn50, 1r20Mn80 or Ni50Mn50 It is.important to specify that the
thicknesses, the chemical nature or'té microstructure of the 25 trapping
layerso(Baaetic(BB)ediffef sickelt threbdlsckidgitempesatlicdb ¥heseparated

teB}%@HH&;@JﬁH@EF&“IH}%ﬁ%ﬁW&%ﬂ& Wik he A ations of the
netic [a 8(13 (85
i

ferrom er or, ‘as applicable, the storage layer nd the,

re SRS AT GrS i, Smleshnelhy Sowrteuplloxignigfions of
bldletin gnrgnptirativasoitlagsier3n) miminbad dhe nhgneloastatieyfes] (363 oz
in §hdee e ,1ngir@@o)(iting', for release of the magnetization of the
storage layer (30) for writing, without impairing the direction of
magnetization of the reference layer (34) of the same memory point. It is
advantageodiBeoiciisecnae iatege,ay ¢su mayhdm afditienc agyantagrausly

cogapijgsephenethatiniRifantagitiitheyniheticayesraad additiddal layer of
e@@ﬁ'&?tg&etécégﬂgf\‘?r‘i’m'gﬁg % ﬁ?@&ﬁtécf‘?g ilg%?téﬁjﬁ‘é‘?ﬂeak%@firiﬁgﬁg@ﬁfltehe

f
by a non-magnetic la er, In such a mann.ert a e mal etlzatlons (0]
wiraehelagisent amddherstore thecamptitudeiof pagaciorasistanies of

their magnetizations in order to minimize the magneto-static field acting 5

on the storagg,ayen@dnd Q%rﬁfgr%ﬁ%a&%ﬁﬁg%?%ei&mrbf a

advantageously comprise, near the inteyface wit nel barrier, an ,

o RRRIORY RRH R oA RIS R FREABe L I EERAL Y Boint
patanyatiess ot enagneiie dualeckrpmsctiod theopéorewhechniplinydindftically
MaERGiAleN HANaReRIBUREHH4rA0d, 4B a&iﬁaﬂﬁfﬂﬁﬁ@wﬁm})wﬁppw

structure of a Qr Nt in accordance with, the invention. The .
e BRI B AR SRRSOt THE AR, e
cyfistdipangliad thHeassaras ol raagnsdarionithestaragsstangr (41) to
trassigtRiet4tde Mimpadi wilbrits Caht ahlipaddd ) ayet Loshentaa(48in the
all HEQOLPET@ g&lc field parallel to the easy axis of magnetization of

the storage layer (41) to

As explained above, this structure with a single tunnel barrier
could advantageously be replaced with a double tunnel barrier structure.
In this case the storage layer (41) is comprised:of an anti-ferromagnetic
triple layer (for example Ir,gMngy) sandwiched between two simple or
complex ferromagnetic layers, (for example, NiggFeyo/CogoFe;g). This
storage "triple layer" is inserted between two tunnel barriers, on the
opposite side of which are located the two reference layers similar to
those described in the prior art.

The operation of these structures can be described as follows:

The blocking temperatures of the storage and reference layers
must be higher than the operating temperature of the memory excluding
heating, and even markedly higher than this operating temperature as
soon as it is desired to store the information stably. The blocking
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be generated. Magnetization of the magnetic layers is essentially in the
plane of the layers. 20 As explained above, this structure with a single
tunnel barrier could advantageously be replaced with a double tunnel
barrier structure. In this case the storjﬁe layer (41) is comprised of an
anti-ferromagnetic triple layer (for example Ir20Mn80) sandwiched
betoveperaisesivh she slomgotayeimasbhalmesic thae ihatofdhemplierence
Ni§Ee20/Co90FeiO). This storage "triple layer" is inserted between two
tunnel barriers, on the opposite side of which are located the two
reference Ia%ers similar to those described in the prior art. 30 The

operation of {ABSdisthcitFtingaphpscdbsdnpruisierihnasspriatid cwitly the
termeﬁtatyrpsmf (46 storagitchied iafbletionllayeds bnusvbidigharliedn the

g'n t}ﬁﬂép% Hrﬁ ﬂ&e\mﬁ ﬁfﬁ%llig' ?é)ﬁgﬁtgptl?@qn%\fﬁﬂry point
ded

igher t perati mperatu as 35 soon as'it'is

g nﬂ&% RIMPREYI KRG Sles Ui pEFsRlRAssCs
thelm@gehayennmhguhetiowéﬁfﬂ)anamh& dxfanhmsteie(éﬁhzeT layenlfdgeslgvel

th?s%éﬂ?ﬁdp hesedhe Wfﬁé@&l@ ARG ety Bl%d%@éﬁm?ﬂés‘#%@ of

IS. swﬂched blocked mode ?‘FE&‘? pulse in Jine (47 ?é b
ol TG IOgoRLIgR S A AR B e BN e ARy be
thedised (48} emperatuncahigheththiaante¢cblocking éempessbretiofotinghahié-
turfeﬁbmagﬁeﬂcﬂﬁwa(m HAaSistes (48 The ma&ﬁg%ﬁh &ﬁﬁﬂeewme

h amanner t}l@ er densit prod ced in res
mpe

Ef@r%neﬁlovyseli {Erem]p i t Jungﬁn ﬁ 6@?0 be ralsséarﬁge
a tl@bfﬁse(éiar@m@wé@ngah tr@mstlbﬁgﬂ@@nkwm(ﬂ%)omdemulherefore be

feﬁrmﬁ@damdawme(@f@ndﬁowwﬁﬁﬁg fh@gbl@ﬁklﬁ@mﬁmfﬁwf@tl@éﬁmﬁnd,

t the st .

e o fﬁé#é%a@?%?é%%i R e ToL ﬁ%“% ?Fé phigil
ref@aBg JHebr masnriergpataiinsg ﬁ*ﬁéﬁ’ﬁ@kyﬂe@ seprrelerdr fiapy  the
thetoragedtiyati¢a Of biyethefd rendatimy dvafdi€), Gt3)sistingnfsatrappexdaby the

layer (45), the blocking temperature of which is higher than that of the
layer (42), such that it does not switch under the effect of the writing
magnetic field.

It should be noted that when considering a maximum current
density of 10 mA/um? in order to limit the size of the control transistor
(46), and a product RxA (resistance x surface area) of the tunnel junction
(40) of 100 and 200 Ohms/pm?® (values accessible in the prior art) for
single- and double-barrier junctions respectively, the voltages to be
applied are of the order of 1 to 2 volts. These values are perfectly
admissible in a dynamic regime (electric pulses of short duration).

Once the memory point has been heated to above the blocking
temperature of the anti-ferromagnetic layer (42), heating is stopped by
closing the transistor (46) so as to switch off the heating current passing
through the tunnel junction (40). The current pulse in the excitation
conductor (48), which is no longer passing through the tunnel junction
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having high magneto-crystalline anisotropy, and separated from the
storage layer (41) by the insulating barrier (43), remains trapped by the
layer (45), the blocking temperature of which is higher than that of the 20
Iayer (42), such that it does not swﬂcT nder the effect of the writing
agnetic field. It should be noted that when considering a maximum

@)ltlﬁjéﬁ’éWQ‘b withrazsignans: 0 parplHade, sushihlat dhergnagnetic
trzﬂaﬂtst protuc48) alosha fodngihtixdrkeistdngr xesrdgeclayen) 9 1he be

tupngl. %‘i}oﬂo{he @%ﬁ&é(g? gﬁ’ %ame” ’éﬂ?oiﬁ%&i?&n%?&%‘ﬂ%ﬁb%tgfethe

prlor art) for single- an nctions respe

Mg MY HpEI |%ﬂ%ﬁé%§ﬂ@&d€ﬁ8‘?ﬂrt at, i H?ng%ﬂ@é gfcthe
pesvtimagyc lsayms(slbbalm aribyriednin rhgirdes{sddctticeptiseslatisigotooling of
d%%“ﬁ{@m% ALY PRIR &QF@'&P%%&% ﬁﬁ% that is

klng é%%rak) ”}ﬁ' E?&n%;eﬁronél etlcl g ! e Xsr 42)
cLhtreswtlgmspmlbrhﬁcd@gmnehmfﬁéhmnmr@nt(mﬁlwhletmjfﬁéat phisenentioey
GWﬁWK(ﬁﬁH&ﬁ\%ﬁ%e@&nwﬂgchd%ﬂ%gﬁiﬁ%%%sﬁ&tb&ﬂﬁa ratlng

gnel tlon -1 t(ﬁl )mama a|n V\ft aSé grand anar E : S ﬁe
W0s magne%lc fi Spro GBS he magnhe 2 orasgeS

|ab§rr(gfy@ue &@/ém@ﬂﬂﬁ@ca@gfé@l@mmﬁypwwﬁéhmq%ﬂ@n

and duration of the pulse must be adjusted in such a manner that the

S&L?Xr?& ($h)i5 off egt%%ﬁ'%ﬂie HRFER in the

direction durlng (e{0]0] ?I-lng of the memory p0|nt un a temperature of
thEnpismsaiainm ol s lisdricahmemery BeitgreArserihadin thggresent
aritivientionaginatiappyepfidds. tot éxpiress phestnler ity ofititie qft thetialrbanti én

thﬁél%ﬁt(ﬂ@t ﬂmmsénarassea'% Y B BHUSHaROYMROLGUE agailk i@

the non-writing oper t|n perature a netlzatl n of th
StREGOTH RN A1 FHASO %%f%rﬁ%’é H&%E%@Eﬁé ?’t?é‘e hand,
mtmthy pelntisthtrewriagnetic didkt tbalnhm*stanbebepphddeibemim the

Inh%ﬁiwﬁbﬁw%@m@?&q@wteftﬁecwwéfcamamwoao'&Sda&mﬁpsiml

mﬁggdo res&le thermal and temporal stability of the data written.

In the case of the prior art where the storage layer is not trapped
by exchange interaction at the trapping layer (42), the thermal stability of
the memory is ensured by the form anisotropy of the memory point,
which anisotropy is directly linked to the aspect ratio between length and
width of the memory point. The energy of the barrier per volume unit is
then written as:

E, =K+ #Mf

where the first term (K) is rmagneto-crystalline anisotropy and
the second term is form anisotropy. In this second term AR is the aspect
ratio (length/width) of the memory point, L is its width, t the thickness of
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15 invention, it is appropriate to express the energy of the potential barrier
height that has to be crossed to move from a state "0" to a state "1" of the
memory point, said potential barrier height being linked, on the one hand,
to the value of the magnetic field that has to be applied to write the
memory point, and therefore to the bé ér consumption, and on the other
2QHheastdrageHeytbe (hib) amdi Mésnipo sabstatioityroé gnetdzathomnriffen.avahee of
cagR of ihe prigiAChMAIR HERLYSRYE IRVETHS Iehiarped by exchange
interaction at the trapping layer (42), the thermal stability of the memory
is ensured by the form anisotropy of the memory point, 25 which
anisotropy i%dige%tl {ifked 10 the aspect ratio between length and width
of the memory point. The ehergy of the barrier per volume unit is then
written as: Eb=K+ARL-1tM2 30 where the first term (K) is

magneto-crystalline. anisotropy. and the second,term is foym anisotropy. |n
e secon L RO h RO e SRR BRI B el oed:
point, L-is ke wneue, theaemenepeist decreasesidnadzcidlefdganpsed MR is
its saturatignsiagnetigasiomdrer thealbertler\Rireid (dnbtRigsdsyaliente a
the prior =] | itten; =K+ imits of the prior art can

immediatij&giﬁ(fgt%ﬁ%ﬁgﬁ%%g :Oﬁﬁwegr%%sret é%émory point decreases
in size (L doeriueabsr Aheiaepertdatiotné Ratectiearderigiagsiant), the
increasesnherecehe bigridicantigyreksecus pywemconslosstion thahmal and

- weaker thea306CH "aliea (AR BIRES ARl MERASKRNY, e HMYS Bdint

barrier energy decreases, hence a loss of thermal and temporal data
stability, WHtESHted8e $148th %r?\e%tf}’y fﬁff?’ﬁggjebfgﬁsé% 10 sipereass the

only remetyagertascrystediouserntisetropy detbycagepting thaismtepglioHyhe
adapting the-msierisdipk boit AR Qfﬂ&o@%?&'ﬁetm ANERIRENTG AR in
pli

significant increase in 15 power consumption. In the case of the present

invention, ROWHKICH IS éle layer

In the case of the present invention, in which the storage layer
(41) is trapped by an exchange with the layer (42), it is no longer
necessary to use form anisotropy to ensure the thermal and temporal
stability of the memory point. By choosing a circular or almost circular
geometry (AR ~ 1), the term form anisotropy is cancelled, and the barrier
energy is then written:

—M?
E, =K+J‘”‘—s 1—1
t T,

where the second term now corresponds to the exchange energy

between the storage layer (41) and the trapping layer (42). The advantage
of the invention over the prior art then becomes clear. This is because:

- at rest, the barrier energy is adapted by the choice of the
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(41) is trapped by an exchange with the layer (42), it is no longer
necessary to use form anisotropy to ensure the thermal and temporal 20
stability of the memory point. By choosing a circular or almost circular
geometry (AR - 1), the term form anispjropy is cancelled, and the barrier
energy is then written: T Eb =K+Jex S |-T a 25 where the second term

now correspatedalo (4 pXthenghetisrgyxtiange ncthsstotadlg )lagad (42))
and the ”E{lﬂﬂj&?ﬂé@fﬁé thiokdbs %‘gﬁﬂ%&i‘zﬁ}?&'ﬂ‘ﬁﬁ@i% BYehiER R¥PTo

art then becomes clear. This is becaugg: = gt rest, the barrier energy is
|

adapted b??ﬁ@%ﬁgﬁf@lé‘} ERRALHA ? (through the exchange
constant JdjiegdNAtingsHite ghittenthjuesings thnoo ghatheetinativor ¥ g)oint

‘be sufficieghigepeiinihtrenseakanerifioRensé Sipbiihor SH618 WitiBtodRthg

emperato B RA B o TR A e R R T AR 41

so that theusispRpedayerodies wouds-Hipsecandbipen o rids thbosicequation
term of thepibavecHadatiah the drireritechang thedonide rsemgyigy IeeoReshe

imply Eb z K. il I ' [
By 10 adv AR AL TSN el S o Al P

possible t¢duLRSARN i eharsipgrths metetighotthasiorrandayel et it
field requinsdpdssibietie sufficgeptbcdsweanthdlematfore Kowd)) to minimize

consumptigp. 15 Ehedengli ol hgraseatiiye RN BeseReHERY i
light of thé%l%ﬁ??cngtlon, since it makes it possible to optimize separately

the stora i r??twsfrﬁ%ﬁl%‘&?g%oral stability) and the writing

function (minimization of power consumption). It is a major improvement

over the pripharbelicfiDish e R dHD aeaRdie BebGHcteréiem the light

re%.%g (izeosgrlfc}gﬁglr&,trs%ggéoﬁsmakes it possible to optimize separately the
storage function (thermal and temporal stability) and the writing function
(minimization of power consumption). It is a major improvement over
the prior art, in which the two functions are mixed, therefore requiring
difficult trade-offs.

One observes therefore that, according to the present invention,
there is only one line of generation of a writing magnetic field, contrary
to the prior art devices. The single line thus makes it possible to
superimpose the control transistor (46) and its corresponding control line
(47) with the memory point (40), which results in a minimization of the
dimension of the elementary memory cell, thereby increasing the
integration possibilities. Furthermore the square network of memory
points has a much simpler structure since the memory is formed of single
lines of memory points, which further rationalizes the production
processes.

The conductive line used to generate the heating pulse may
advantageously be separate from the conductive line used to generate the
magnetic field pulse, in order to optimize the respective current densities
for the two operations.
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One observes therefore that, according to the present invention, there is
only one line of generation of a writing magnetic field, contrary to the prior
art devices. The single line thus makes it possible to 25 superimpose the
control transistor (46) and its corresp?iding control line (47) with the
memory point (40), which results in a'minimization of the dimension of the
elementary Aseeaorbeebstwrsbirmoréigeiregtthe thnsceddiidonad ssitrititibdine
F:(be'iﬁﬂﬁ& t&‘f ri}%&bl%&ﬁéiﬁéﬁogf %E%@Efﬂ@%elpﬁi'a%%@ﬁ% %fi@lﬁcblﬂﬂé RIRE is
strycture since ory ig formed of sin ine memaory poi
ot R R R )
usecidy yungeatsieksathahsuiedhnapcaanpeieb(@)) sudeparmellow
frqdm theneRldugHviRtibRe 867 ddbeaipaienihesdd mrgneticialdnuizsr [67)
order, tq,0pt e e CHIrent densi the two gperatiops, -
T U o ST T, SRR 85 SR IREAGo8) e

wHEHRmplemented to generate the magnetic field pulse and is
electrically insulated from the memory point (60) and the conductor (67),

Is advantagepusly pIaGEH ARQVE e TRRVM¥HCAAL(PEY sUGh ?% t@oﬂjﬂrgl}’liéﬂ
the control tranpsistor (66) to be superimposed ‘over its contrgl line (67
Wﬁﬂ%ﬂﬁ%ﬁf&y Bt 883}1%@% rwﬁamﬁwﬁaaéma Aad from
mémboy.clinecupase plusesom dnd iebai@8)y nobir(@datarnbe controlled

10 independently, from both the point of view of current amplitude and

e

lajeramiagnetiag kexeiididsalwvit rgoreehaiigo aBawagriaoecsttes two

tohggr@iestdfe it rbeneeerteding (Y MenterpPpdine (A@VESSEERIdBHAMEIs

SRR PP S TR L B B

cAPHbiREAPFERIRELA a0 i bentichoy midRidigtRe S o plhissiRES At ted

any9lrddioocehbingtieti o fichtse the papenditdaafiudil. Mykes it possible
to create any direction of magnetic field in the plane of the sample. By
applying this field in the desired direction during cooling of the storage
layer by means of its blocking temperature, it is thus possible to stabilize
other intermediate magnetic configurations between parallel and anti-
parallel alignment, corresponding to intermediate resistance levels. In
this way it is possible to simultaneously obtain several magnetic states in
the memory point, and thus a so-called "multi-level" storage, while
retaining the advantage afforded by the invention of very low power
consumption. '

According to an alternative embodiment of the invention, it is
possible to make the magnetization of the storage layer switch during
cooling of the memory point by using the phenomenon of magnetic
switching by injection of spin polarized current. The physical origin of
this phenomenon has been described by J. SLONCZEWSKI, Journal of
Magnetism and Magnetic Materials vol. 159 (1996), page L1 and by L.
BERGER, Physical Review vol. B54 (1996), page 9353.
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20 applying this field in the desired direction during cooling of the storage
layer by means of its blocking temperature, it is thus possible to stabilize
other intermediate magnetic configurations between parallel and anti-
parallel alignment, corresponding to |E$ermed|ate resistance levels. In this
way it is p033|ble to simultaneously obtain several magnetic states in 25
the memorylBsinPriHa Rt SQNsiSs Mo BasHIE- Pevénmﬁ% fheough the
rejaifutiorih&f aHeasicge affprais dbbyatheniwlesiioct d’f@lﬂﬂtﬂew/df%ﬁée layer

AR O SRS RIRC I A TINRCHT 05 O Shrlke
dURReEF dosmd bt sieraney Mm»b%mwwmm’é%m Heraggdaver
switithibhg byiémjecti paral epitoptiardieettiorrent. thhe pjegsechbpiiginped vildisd
pnﬁape?g"%%éﬁﬂtggsemm&%s f 5]| vﬁihi@f}'% 5\4’%@%&% Offyat the
e e e et 0D Lol B e ions
prpasmlafcoﬁgmslcﬁf’ﬁwsfr@athmﬁerwrbrynthwghdmdwrdwmther

| e'ﬁ%rﬁ[hsgﬁé‘ﬁﬁé%ﬁ B afestdRmeh Rt RAseIREENIOWAFIRANE the

stora tazaetr tha&;ﬁa?ft%e curre tflows from the storage layer towards
th&'f ? fige e %5&‘8? a¥%lh of the storage layer 5 will be
oriented paraIIeI to the direction of the injected spins provided that the

current is inWhaeeeepuwM@bmmt%wmhﬁsghnaﬁhﬁeh@r@rehgﬂ@

lopgleptigal esisiansen i 81 NGAOINARL I PIEEONS: BASSDYeAsing s
ﬁeﬁct# 1 5 the

unne ayer towards t e rerer nce

stora
_mﬁ@‘ﬁlﬁ a‘??btn% t 5?@1759539 fvihe cperBRId Eﬂtﬂba(:”é? mj tAeWEgk-

magr;ﬂﬂndbomufenhtecmimﬂﬂmwyytm Upkeatagesfttiecncoderalf trmgisttic (46).

?"*ﬁ?@'f&f&%@e% 8}{8&1 ecdRARIGI RIRACTRIE WERUICAIIRAR! cell not

éi]ﬁ)rlbed nhthe rior arf. A reading is carried out of the resistance of the
¥ gk‘lgi V& Qeak 15 amplitude current controlled by the
opening of the control transistor (46). The resistance is generally

compared wifietiaiobansferencriselOteeNRW L ih BEraRdIASod to the
extent that:

- since the magnetization of the storage layer is no longer trapped
by the anti-ferromagnetic layer (42) during the writing process,
the reversal field of the storage layer (41) may be extremely low
since it is now defined only by intrinsic properties of said storage
layer (41);

- owing to the use of a material having very weak magnetic
anisotropy (magnetically very soft) for said storage layer (41), on
the one hand, and the cylindrical geometry of the memory point
(40) (lack of a demagnetizing field) on the other hand, leading to
very low magnetic anisotropy, the reversal of the storage layer
(41) can therefore be carried out in a very weak magnetic field;

- the thermal and temporal stability of the data written in the
memory point is excellent owing to the coupling between the
storage layer (41) and the trapping layer (42);

- owing to the circular geometry of the memory point, the
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The full benefit of this architecture can be understood to the 20 extent
that: - since the magnetization of the storage layer is no longer trapped

by the anti-ferromagnetic layer (42) during the writing process, the
reversal field of the storage layer (41) may be extremely low since it is
now defined only by intrinsic propertiégdf said storage 25 layer (41); -
owing to theflisenoé afmateaiad having zeonweak ahegofthe acveosaddyeld of

(magneticglly vapiisaitdor mRit SEoragsitayeniéd blipindhaione band ity
the Cy"ndrfl";ﬁ%{ eametry of the memory, point (403.&@% of a

demagnetBIIHEIRE STTRE dHR M Mg Ve SR, P g Ly
anisotropytafiecesanskihst manviorigengyero¢esyesaimmdiBaste be carried

out in a very weak magnetic field; - the thermal and temporal stability of

the data written in the. memory point is, excellent,owing. to the couplin
omveen tal TSRO Al RE g?g?za OGAT oyer

thheirRIibinge SHEERL SThHBMERHSHEomEreEY. POlmi(EALdw«Arasions!l
in bitevonthue v alequifedebievibisgrfietcant tsivelividithbme hordcpdinstise
elpRAISHa 5P Hledi%g‘i(j'fgfﬁtﬂg 85&%@?5‘&‘&? during the writing

process are greatly reduc the manufacturing processes simplified.
5 It results from these considerations that it is possible to lower the
writing curréhhisf thedsetdmhe dofie pomepoictrigdnistioaluéscedsdselass the

% ERGHR HPXHE GRS hERIGRS YelEDYWASRIAY {HE JhEF AR RAds

A et T aron bR s of o

retheradry\prdrgadsireduésd athteptizsent povientsunsemipgorenditatyigallows

WG SpdrineRasa ol oSheerelithe dMBAMhBRRIS oF tREURBJIREpoint
P e D ’oc%Hetp Svor gr,a%éacl:lg%%etitive advantage of the present

invention will only increase as the size of the memory points decreases.

Furthermore writing selectivity is conserved since the other
memory points situated on the same line or the same column are not
heated during the writing process, the corresponding storage layers (41)
of said unselected memory points remain coupled to the corresponding
anti-ferromagnetic layers (42) since they are insensitive to the magnetic
field applied.

Moreover, multi-level storage is facilitated since the magneto-
static energy is the same in all spatial directions. Consequently, the
writing field is identical whatever the direction given to magnetization in
relation to the reference direction. It should also be pointed out that by
means of this architecture heating can be obtained by an external heating
element not shown in figures 4 and 5. This heating element may be a
layer of high electrical resistivity located above or beneath the layers (42)
or (45) respectively.
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15 for power consumption to be reduced when the size of the memory
point is reduced. In other words, the competitive advantage of the present
invention will only increase as the size of the memory points decreases.
Furthermore writing selectivity is conserved since the other 20 memory
points situated on the same line or th&€*same column are not heated

during the wAititardingees Meadwaaamdmg”mn&g@faﬁmsm&)nnbaaime
U%?é’?@ﬁ%@ TRGEIAY. Q'@‘éfrﬁ@?iﬁlféﬂbokﬁﬁl%wgrﬁ&’ HWin order to
anti-ferrom netlcé}%/ \}&S sm%% are| sensifive totﬂi.mﬁgg tic
il RSPt E%« N N fRARRICLatte ied-
magneto- static energy is the same in aII spatlal directions. Consequently,

the writing figbisdignticahveiriaveiptimdifesiion, Gh@@t&d@@%%ﬁ&iﬂéfhe
sho t that
SISO IR e R CO BRI L R HRIRe REB %neféc fayersof
héhﬁn CHIERAERCHSt SHBNRIS ‘ﬁ‘@u?é%’ﬁ DS, ﬁ%%ba Rg Bidsme&sasmathe
beemquefatmé mglamlattdmhgslﬁlwmﬂmga;ﬁdmwe aoblenerih 4hisl falers
%}n@eﬁéﬁ?réeSBFC%KS'y aﬁﬁ 0?9%&%\!‘8 9y E' ﬁ}ta%%‘?ustlﬁ%a“é‘ﬁﬁé ,
the i erence s of

nvention, the H; etlc ntl ferromagt}etlc

tyb%‘}H%PaEFet& BrisoBRIA @YGTsé‘F H(j Havers o
magmnepecifatial fie k] Gy afd mdibgltaad aaimcﬂ&d;emlﬁeaﬁwentﬂémﬁmr@a)
layghatd TWW%M”W%MHMHHW&”?C@E@QT&M invention,
ferro netlc rsof the ferrimagnetic amorphous alloy type (FAA). In
th%aggggnt“@ Q erature attained during the writing process is no longer
a blocking temperature of the anti-ferromagnetic layer (42) but the Curie

10 temperawﬁl%ﬁ%ﬂéaﬂwrmmgmg)t&ﬁﬁmﬁé RAAcSofiblaersith the

A eare Srf)e(iﬂcal ysfilrlhq}ﬁ of cobalt and rar%earth slucr:lqezrins sama{)llx%l 1 b
(Slm Perglum }cm' or again, w%ou‘fvtlh ({lngetﬁe sScope 0 fPeP y

inge gm@ﬁ]&ﬁgﬁﬁ)l@@apatmg of several memory p01nts This approach
makes it possible to increase the overall writing speed of the memory.
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15 Furthermore the addressing technique in accordance with the
invention allows simultaneous writing of several memory points by
selecting simultaneous heating of several memory points. This approach
makes it possible to increase the ovsﬁlTI]writing speed of the memory. 20
25 30 35 -21- CLAIMS 1. Magnetic frfemory written in a thermally assisted
manner, each memory point of WOIEAIMIS60) is formed by a magnetic
tunnel 5 junction, and the cross-section of which parallel to the plane of

the layers 1%%‘%}%“ tunnelé'unction is circular, or su tantiallgeadircular,
er]

said tunn USHBFRIRYY 2 YELSR 10 Ardhera N agisicfhyBatRgT
6Madmmeemenppeiniapdwirieh 10 0n &9 cisz faionask Whien iesgnatidunnel
difeekeion; arklarROs faageetic PyEMdbch PardremedRe Thmbyethdhgyers

direction of magnetization gf which is variable; - an insulating layer (43, .
s WL T L D o T GORT. i

15 WRAFhidmeHOR eREY IsiAg Tubeast) is formed of at least one soft
magnetic layer, that is, having reduced magnetic anisotropy, and a

trapping | ) I in icall "
contact atg oo B AR, M 06 81 ORALE. L ERUOTIRE. the
reading or%%‘ft?éﬁl%"s‘éfé?f{léalhlsﬂéléﬁmé Bise&t Y iemperature of the
free and taapprddaysragesiiediyely (22 Ma)etarmednary' frecldaymd, irthe
claim 1, charaeifirsfdtagheliheisnagnsitc-anisounry el the soft

e B Wi A e BN 2
claims 1 afd)and the trapped layer (44, 64), _
in which the storage layer (42, 62) is formed of at least one soft
magnetic layer, that is, having reduced magnetic anisotropy, and a
trapping layer (41, 61), the two layers being magnetically coupled
by contact,
and in which the operating temperature of the memory when reading or
at rest is selected at below the blocking temperature of the free and
trapped layers respectively,

2. Magnetic memory as claimed in claim 1, characterized in
that the magnetic anisotropy of the soft magnetic layer is lower than 10
Oersted, and preferably in a range between 1 and 3 Oersted.

3. Magnetic memory according to either of claims 1 and 2,
characterized in that the soft magnetic layer of the storage layer (42, 62)
is formed by a nickel-, cobalt- and iron-based alloy.

4. Magnetic memory according to one of claims 1 to 3,
characterized in that the trapping layer (41, 61) is formed by a material
chosen from the group comprising the iron- and cobalt-based alloys, the
manganese-based anti-ferromagnetic alloys and the amorphous rare
earth- and transition metal-based alloys.
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characterized in that the soft magnetic layer of the storage layer (42, 62)
is formed by a nickel-, cobalt- and iron-based alloy. 30 4. Magnetic
memory according to one of claims 1 to 3, characterized in that the
trapping layer (41, 61) is formed by a_ material chosen from the group
comprising the iron- and cobalt-basé@QaTloys, the manganese-based
anti-ferrom§gniefegakois andhtbeyaamiding rareodb esftielaind trinsitial)

g@g@ﬁ@@%ﬁ%@&%@- éxﬁwﬁ%@ﬂwﬁg@o&c&gﬁgg& Rpge AlClyms;

racterized jn that the reference layer (44,64) is
fo%@&%ﬁanaanﬁr&?{uc i%wfmeae%%m@?%?%ﬁﬁwwm
fetwamBgretiegagtic bmpasasepdrgtadnby-magnetmg@yaicidayechia Such a
MRARREERALENE NAYBREZEHABR ORIV SErEprD il ySrera g &iatiti-

parallﬁle. 6. Magnetic memory as claimed in claim 5 characterized in that
th?fé 6ilence layer or trapped layer (44, 64) is formed by a material 10
having high magneto-crystalline anisotropy. 7. Magnetic memory

according tg. opfaghelaénadhier§. sehalasiedzae ddfiat Shenmpser RIS

4 are.Qrganiz etwork, each me int being connecte
U SRR A 6, Beer A W B T e
reVBY g H&Bﬁ@ﬂ@i@l@l‘ﬁﬁ@@llﬂﬁﬁjﬂl@@%@gﬁﬁg of said memory point, and

at its base to a selection transistor (46, 66), with writing being carried out

In respect of ajjg _%Wi@ﬁi&g%ﬁt&%ﬁﬁ WE,SIBESofOclaims | to 6
simultaneoysly se r%%‘%gpz ectric (48,

S urrent pulses to s u% conductive Iir(‘ie
c§hgs9clsE iR PSR RO zﬂé) 6‘%9 ALEnPiRgzed as a
trantimtok(¢6¢B6h efosinymanirhaing swimatthe suitepegassingtndugive
thedine4® 8683 69Y) iAgel oL AR they SR M PR (4218 ArRito
serves to_produce tge W%tll‘rlﬁ? 25 ma nch field duting COO|II‘]§ of gead .
SS NeAmE Oh A CTRARREy BO Bl A A dlirk e ecd dcniceion
transistor (46, 66), with writing being carried out in respect of a memory
point in question in two stages:

- simultaneously sending electric current pulses to said conductive
line (48, 68, 69) and a current opening said transistor (46, 66);

- sending a transistor (46, 66) closing command so that the current
passing through the line (48, 68, 69) no longer passes into the
memory point (40, 60) but serves to produce the writing
magnetic field during cooling of said memory point.

8. Magnetic memory as claimed in claim 7, characterized in
that the control transistor (46, 66) and its corresponding control line (47,
67) are placed under the memory point in question

9. Magnetic memory as claimed in claim 7, characterized in
that the conductive line (68) performs a double function as a conductor
(68) dedicated to heating the memory point (60) and as a conductor (69)
independent of conductor (68) and electrically insulated from the latter,

- being dedicated to production of the reversal field
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that the control transistor (46, 66) and its corresponding control line (47,
67) are placed under the memory point in question 30 9. Magnetic
memory as claimed in claim 7, characterized in that the conductive line
(68) performs a double function as a gqnductor (68) dedicated to heating

the memory point (60) and as a conductor (69), independent of conductor

(68) and eletidMRenigamemesn nslattapd 38 slalg dediltgtegigrized in
prdsitctiercotite mieesabfithds 268 Land@d)eaire indoperydaattiasvrtdticd.
claim 9, characterized in that the current pulses to lines (68) and (69) are

independent]y controlled. 11. Magnetic memory as claimed in claim 10, _ .
characterizeﬁ{'rnlvgaﬂ?gf%g‘em?éﬁt%u? iHbgf(’é%ﬁ gbldc(é%”ﬂé" ized in

cothatdbatcl2révibpnises tndimosy &d) clad(6d Jnaion@ideatracterized in
that the additional conductor (69) is superimposed on the heating

conductor ( 13. Magnetic memory as claimed in qne of claims 9 tg .

o oharacbl BRI ARSI, HARECH HBEb o S HCIET e
arthahetbonadditengds cenylustosufeimpsossiperBnppsedndontle cbssting
Maghgtieteieoeyy, characterized in that it is made in accordance with any

one of claims 1 to 13. 15. Process for writing in a magnetic memory
written in a thermally assisted manner and formed by a network of

memory poihds 2Magndtier MEBANS rfrABh idRpr®l teHHBIuR b 2,
(40h6RYcandzik isrtiss-tectinembyhidlimaaly) thehwniesleteditbiatioy €66)

fogﬁmgl@goﬁm%}y gg'?@g'f ﬁié%gélq[l@&%t&ntially circular, said tunnel

junction comprising at least’ - a reterence magnetic layer (44, 64) termed
“trapped layer”, the 25 magnetization of which is in a fixed direction; - a
storage madrbtidadon(42c69), megnetia ticmedayechahectmizedom dhat it

MagReiFaliea MURBISWATIaRfone of claims 1 to 13.

15. Process for writing in a magnetic memory written in a
thermally assisted manner and formed by a network of memory points
each of which is formed by a magnetic tunnel junction (40, 60), and the
cross-section of which parallel to the plane of the layers forming the
tunnel junction is circular or substantially circular, said tunnel junction
comprising at least: "

- a reference magnetic layer (44, 64) termed "trapped layer", the
magnetization of which is in a fixed direction;
- a storage magnetic layer (42, 62), termed a "free layer", the
direction of magnetization of which is variable;
- an insulating layer (43, 63), placed between the free layer (42,
62) and the trapped layer (44, 64),
and in which the operating temperature of the memory when reading or
at rest is selected at below the blocking temperature of the free and
trapped layers respectively, consisting:
- first, of sending an electric pulse by means of a conductor (48,
68) into the memory point to be written, the purpose being to
induce heating of said memory point until a temperature is
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- an insulating layer (43, 63), placed between the free layer (42, 62) and
the trapped layer (44, 64),.30 and in which the operating temperature of
the memory when reading or at rest is selected at below the blocking
temperature of the free and trapped Jayers respectively, consisting: - first,
of sending an electric pulse by mean$ 6f a conductor (48, 68) into the
memory pteachsbdhatitisn grsatpurtase Hasn§lerkisgntrvpdretiieg of the

said mem@erﬁgB"Idy'éﬁ|(ﬂl§61¥b®@f@d&rﬂ4aﬂ&ﬁéﬂﬂ@%@ﬁﬁ%%éﬂﬂ%ﬁ{tﬁ}§rbf
ut

the blocking temperature of t?e sigrage layer (42, 62) ower than the
blocking tre%ﬁnepree?aggpec%fl%%eer Efdé?ré% e layer (44, 64); - then, during the

cooling of & BRREhe ke el efuraid raensomyedaliHip top g rdter
an electricthiglshdayingeans gttiingonduelecds, pB)ser biameddiionl the

lectiopidsheasimsa . s i
conauctor TR RE 8, 0 A LB S o

capable ondRERARBLRAdelgRERc Ak Tttlatedidrage thgesqudugtr {68),
16. Proceshdqruspivisey beiagntag getierate raargy trsaienh agnativefieddkazfpable

memory PRIis AR MAITRASATRRGDROR MAGREAEI G (W gen. (40,

60) as claimed in claim 15, characterized in that a plurality of memory

points are written simultaneously by selecting said memory 15 points to

be written b¥heBrioress o maitiog pointsriagnesistioncROs5 B0BEd by a
network of memory points each of which is formed by a magnetic tunnel
junction (40, 60) as claimed in claim 15, characterized in that a plurality
of memory points are written simultaneously by selecting said memory

points to be written by heating of the memory points in question.





