NAPHTHYL DERI VATI VES | NHI BI TORS OF THE BETA- AMYLO D
AGCGREGATI ON FI ELD OF THE | NVENTI ON The present

wopesniisen rel ates to new conmpounds useful in POEEP2006/067374

10

15

20

25

30

35

treatnment of disorders characterised by deposits of

anyl oi d aggregates, as well as to the pharmaceutical
conmpounds cont a| ni gg the sane together with

pHa PPABITe TG THiBh R CNEAGKGREOND Forf NP
THird M@Eﬁic@i‘fﬂmweﬁ@m@e of anyl oi d deposits and
changes_in the nel ur.onal_.cytos fon are am

cl ear eihempdﬁ%e AR TR §e§1a§cee§se (RD)maqf%etsOé:%thve
eveantrsl whirgtt lionw olagnatdinldetine @erdebrali tooramd iatataimn to
e . e fli P og| cal picture of

t%{ea |e§%lgcg:fa}n%oo veé;ce%% Jvﬁw“{ﬁagg c@t@?&al nervous system

are a MEcEESBRALCCeSFePY frapst/ v ihf Magnaitic asginy gipmbines
famd henenselgdd dﬂt%ﬂﬁﬁgsecﬁﬁzerbﬂwe&%%&% %&@td&t@cmr
in Bioscience 3a, 32-37). In general, irrespective of

t T P 1oM which it is formed, the anyl oid

subst anceinsnilde GlRmRcRds intscaly CORES! itgofis

fib 7- d t ' affinity f
e L A AT e TR Tt Y9 Pl o
I rcoid etviee sa:lqﬂani dﬁﬁchn@mnunul@nmg)um@tdmetdl@fc@l I,

Itﬂnlt 22 : rgCF'agfgglf ILghe COf I Ca %rtbﬂé}gl ngea art erl 0

prcddmﬁm“—ltvfﬁlee I s, TRLT SsEoplies fangage estUnt of

A Al fhuse Riiagues; wWhiich can be
ferenti ated between _.in that there is the esence

or absendd ot FCIgERAF tife IRRLITEHA 1% es
arcuniich e vt rdﬁnsﬂﬂwmitd \dﬁ@OSJ]IQw afud vam/deai d

angi o h is.th on of t

o O3 L Al PPN S s e memory

arsttsrtlaésl,e betmese tiver ﬁmmqlemsclcemfpuir% afftetehethe
aﬂ-g! R d 'ncort %1 1 ARBS tedd @ tde S matdiom of; ¢

el 1 cal aments, a very serious synaptic

mastsidylon When tf@@rtcrmm QiE (e CSHERE T Sipbjastidd any
sq{éé@{ g e aD- AR aidrdnely B3%90ef dheoftware and
neuronal contacts_.are destroyed in the final st age of
t KR LS s - ‘change is the real pathol ogi cal
cor rel ateeveofticdre i at Aralgtsilng ridvwegquaogr ess mifke progress

t| & ' ar n t g
i Py ange 4 RS s SAS o e e Lo dhencs
i rtthaanammaicrt@lalcm ifri |ty @ farie fidyand thiteey regdizaae, in
exfUgesi AN Yoddre dammged o f@eﬂﬁ%ﬁ”%ﬁ/&“fr{t terms of cost
ultimately, 1ose the synaptic contacts, with
sHediiént clinical effect of the deteriorati on in

rrent al Ffllmpxté ans.s Bhelisendd & f eirmiefdiayipasdl otHzar cell
hitherto considered t

f I
R Gy g g SRR 12 AR R ATV
t heurpredgriessitvien @ssaafe mgnariy tawed nafgridie c dgrndrisye8a and

t] f t ro d
L e T ) gt
actaariaty ofl piansy acarietnad ko gérae alisseIprioncies & he
S%ﬂlﬁ%r?cé)fla@g} ROV &g e Al itd@nsRRfdatipn of
acetyl - reduci ng the rel ease of the
naﬁr&qaalﬁém tey e fdngith @Hie W%W@&%é‘éﬁ drgnel
amhreausti ng the choI inergic deficits responsible for

t he di sease (Hashi Takashi_ma M,. .
Vasut akETOITAGRR db RECHhiurs S Gl ey dizection

| rehordgriet i(ZEG9On Tfe theuratalragfe Biagicogideal tCreemestany cell
272: 4, 2038-2041). It is known that a nunber of the

stains bind to the anyloid fibres in a
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birefringence of the anyloid fibres and produces a
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c) increasing the clearance of the bA; d) blocking the
neurotoxic effects of bA restoring cal cium
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the free radicals; f) preventing excitotoxicity; Q@)
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German patent DE 343057 clainms the synthesis of
1-aryl am no-4- oxynaphthal i nes. Published patent

waep@zioesss on US 2004/ 0132769 rel ates to phenyl PCEEPD06/067374
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ST2764 4-(1- napht hyl am no) benzoic acid COOH ST2177
4- (4- hydroxyani | i no) - 1- napht hol ST2176 4-anilino-1

WO p@pltises ST2757 PCT/EP2006/067374
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- thermally-assisted writing in which the free
magnetic layer of the addressed tunnel junction is
heated, advantageously by an electric current injected
through the tunnel junction, so as to reduce its
coercitive field (the magnetic field that enables the
magnetization to be reversed). That solution and its
advantages are described in patent document
US 2005/0002228 Al; and
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transition tenperature, good solvent solubility,
filmformng property and thermal stabili ty Jpn.
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junction magnetic device antd to its application to
magneti ¢ random access nenory (MRAM . Random access
or read/wite magnetic nenory conbines the advant ages

ofL gy o usy stas s abasstihey KieifortiRarsil Grerdidt 1s
n@i@@éndﬁb@lﬁl@ﬁ tfoal‘tdﬂfﬁea]gﬂl%fiﬁebﬁenbrly t(DlRAI\/p that is

conpar nse an as ur. volatile, |

ot conttb iy Sty SPGB et o i R e
stlatyier reartdory acC es Surerdr YoArSRAN) itrfdiudes in its
Coc'fﬁ%r}g{ésvsel Yo yf:xfr%sé ! &%L{{an?:?e ﬁ@i'gg}% QG- ??%gnetlc

of "space arld 1s also vol nmenor
| Saver veldatdtl @ amtgehphisdanas yfrdehgdie iafammncs| ow

U halridi8.c M%%Mrf | 15ty 88K itrD 1GRAS! IJAUITL it QT Y

nenDry sujtable for usé for exanple in conputers vvhere

t FETHEPANEGE VS R latqiheyy t&éﬁl Fd o Mafss Ladald Ing
| lccpessidite.ngMiere s:\@nta:imd& fff dihe :Lﬁrm'&ihkteﬁﬁatté) lawedrd so

an eed to proceed w.t, st.em acki u

SR G SRR R Bk e oK Nt s s e
Stalsyimmegoessdr wlttt.hmltélqormw@s bar ik pr ow SI on of
VRAM | t| eréem?
i ncr easi %q’%{]ﬂ{ <®e.tr][?ri’r%1 y?/er# or watp I'on or age | n etss gf one
oftos fréted P liamase afs adfomfonsint yeverha thtCémﬁfsaaftf@d'st

pedor@ttltﬁ&urae frd& iddiggramighand ndiggdual MRAM
Such an individual cell conprises a

magnei é‘rhe%ussetq%’éi ﬂhﬁ?@nﬂ%ﬁ@ty L Hdé ol thigt 1s
nwrfeter@dtamrcsn Inaand f3aIspaced ApaEd: dean

[ di 3b. The I

St or agE IRy e Bl nd RV T e TRA e g e ©

[ m%ranrenﬁaact e©fl ayer ﬁﬁamq&ﬁewemalﬂaweac | ooy igfesamliddiegeent
CQ%gdﬁéH' %Juhe d&yﬁﬁ) gaééﬁﬁ&ﬂ?kkP%'éﬁéﬁ%h%% of

|nthefor rectlono magneti zation o
stté#@ag’@ﬂya)ﬁe%lfealaﬁe menory cel | presenting | ower

el ectr I@alwdﬁee@ml\weeﬁéqd@ﬂe@i%é a¥Rfer3Gaand
the st qr age _| %r 3a are magnetized in parallel, and

CHTE 161% & resi stance when the magnet i zation in
the twﬂmerssld}s cntdupaitalncels ,. albﬁAl‘ddx&rgﬁwcﬁjélw, the

ln rm:;ted e‘?f %yg)éﬁﬁrgl%%%“ r\]:‘ervvl'ére ed from

e |ntersec Ion o eas
t \wa upGmgUGt @xolld nes. losnpr issiligom, and germanlum

The intermediate layer may also comprise magnesium
oxide.

Under such circumstances, and for example, the very
thin layer may be made out of a material selected from
chromium, ruthenium, tantalum, gold, silver, silicon, and
germanium.

In another possible embodiment, said intermediate
layer acting as a tunnel barrier includes a doped region
within its thickness at a first distance from the storage
magnetic layver and at a second distance from the
reference magnetic layer, where the second distance

presents a value different from that of the first
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one bit line 6 and one wora®line 8 in order to read
its information (see Figure 1 ) . The configuration
shown in Figure 1 pr.ovi des nunerous. advant ages.
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Under such circumstances, in a particular
embodiment, the second thickness may present a value that
is different from that of the first thickness.

According to an advantageous characteristic, the
intermediate layver serving as a tunnel barrier presents
thickness lying in the range 1 nm to 3 nm.

The invention also provides a memory comprising an
array of memory cells addressable by a set of bit lines

and of word lines, said memory being characterized in
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Other characteristics and advantages of the

invention appear from the following description of

30 particular embodiments, given as examples, and with

reference to the accompanying drawings, in which:
- Figure 1 is a diagrammatic view of a single prior
art memory cell of an MRAM;

- Figures 2 and 3 are diagrams showing the read and

35 write functions respectively of a prior art magnetic

tunnel junction associated with a diode;
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MMMin series with the magnetic tunnel junction in
an attenpt to integrate a diode function within the
magnetic el enent itself rather than |gplenent|n
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of two examples of three-dimensional memories

implementing the invention.

A magnetic device of the invention comprises a
magnetoresistive tunnel junction 100 (Figures 6, 8 and 10
to 12) essentially comprising a reference magnetic layer
120 magnetized in a fixed direction, and a storage
magnetic layer 110 presenting magnetization that is
variable in direction, with an intermediate layer 130
serving as a tunnel barrier that is essentially

semiconductive or electrically insulating and that
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magnetization to be reversad) . That solution and its
advant ages are described in patent docunent US

2005/ 0002228 Al ; d
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the internediate layer is asymmetrical across the
RGeS o e g Hydoso B (o stioice oF ddient
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di nrension that 1s perpendicular to those planes .
material (s) constituting the remainder of the

intermediate layer, this insertion being performed in
such a manner as to create a localized potential well
within the tunnel barrier that occupies a point or that
is quasi-two-dimensional.

This very thin layer may, for example, constitute
one to two planes of atoms of said other material (layer
133 in Figure 6) or indeed a fraction, even a small
fraction, of a plane of atoms of said other material
(layer 134 in Figure 7).

The very thin insert-forming layer 133, 134 is
preferably positioned asymmetrically in the thickness of

the intermediate layer 130, i.e. within said intermediate
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and at a second distance frnemthe reference nmagnetic
| ayer, a very thin layer of a netallic or
sem conductive material other than the material (S)
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In contrast, when a negative voltage V is applied
between the storage layer (level 63) and the reference
layer (level 62), the potential 60 seen by the electrons
still presents a potential well 61 at the insert 133, 134
situated in the intermediate layer 130, but this
potential well 61 has very little effect on the
electrons, which leads to lower electrical conductivity.

The portions 131, 132 of the intermediate layer 130
situated on either side of the very thin layer 133, 134
can be made of different insulating or semiconductive

materials.
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presents a thickness lyingi1sn the range 2 nanoneters
(nm to 3 run, and the doped region presents a
thickness lying in the range 0.5 nmto 1 nm

Advant dge i POSEH® Licnearsimend /| &wr dddeuges 10 and

alumi &%eoras@nfméf&@n%% WReO oten tard tﬁ&%ﬂiqrée@dstomhe
conpri ses netallic .or sem conductor dﬁ_l% eI ement s
CCABCRDERS 2% HhSadt toTE U e aviete o FRutoe
by vanah amrigal ds sidherved hryomnaat imgt hEr(ﬂdp’eEd region
tant m..a |I|c I.n e er possibl
%Ll#er?talragal rnggromtf )ét %%%télr acetol %gogsgget Stﬁﬁg?ge
bara:gm@rtlc:oripimegeéla) sinac ke to af daatalner@steza fli fserpagefrom

Oef affcbthEhé”%ké&bﬂ@eoﬁxaéﬁg‘cleoﬂg%k' ygomat @Bbakeéﬁlgn is

pr sentlng first thickness,

scomed |bé/yéﬁlseérftlélgs@cwenrﬁ§d4 éthiaﬁg 1& dsleﬁﬁerent Trom that

C@aﬁl@e:tﬂt\ﬁ%lm@t @helr etafifreteanto ff e s,ait@rfmerﬁtatréatlw@ 130,
and entl n% a _second thickness . Under

S
L SR Bt 3 s I OAEe SR the
t Iaio@e@es:&gmyl pr eoaentd aMakwed 1t heaa ti asdilfd‘oarleJﬂecf (S0 (0]

that o the f LS, hiskness, Acsording to an

ageous char acteris e I nternedi ate | ayer
servi ng dored magdlonbdis elrs m@@m@qrmaﬁmé—é:mwum

| N RE AR el 13RO 13 NBE Uéery‘ ﬁ\b%ﬁtdo‘?f&\@t%‘%’/ﬂ%&‘)\ﬁyd es

a nenory conprising an array menory

aé@ﬁ@é’ﬁ@% pyragezaelo Ofth:ﬂrt qfﬁaﬁle@a’ir*fd C&nﬁ%r%llq% gde
S@t(ﬂleffe R ikeisng 3ahariact Qfﬂ 8@ Iinfthaincach JTERBEY,

] f.th t
AHEATERGE Gadh ot & GAICE (2 Eomiatned 1o eHe the
bidopleidne-egricrt dFUmr\mrld))l i ne without interposing any

ddi f
addi ti gpal sy ‘df\l'}ngl%%e%zs e e &’. o Ilb bridy ta*éﬁmhr{é\é?ltéa‘iﬁy

may conprise cells ute
tmtémemeomlcam@taa@eﬁw W@a\iuaéearla{ymreééro i.e.

eaqh ik thdd e t%%trt‘édn%t’\' HRITHIAOR [theradd €a6in Wor d s
menory cells. In another embodi ment ,

I|ne servin

0 Bl G & o SO I EACIE Gttt (g
cqmmerme@gaaesaby@‘r P swpeheosecnipdye oS, F&@@JITeOflON* Nhe
nﬁrcr)o ceI Ils ea h co ecte Ot% one k%lh rarr11det et
oneRor d SHE Tikers P and 5CE i egers 53 SScpagnetic
biltaylarné2é)n d heac Iy owdibet Isitiver agier wiaigg erveeD rlyay@ei 18 Oot her

t han tl@%em%@rtﬁl Lolilst e etsh% 08{18" 'aé’c‘?xifd'é'ven be zero,

associ at ed menory cel ongt n

dﬁpp@r@ﬁpta@pgbgﬁpqdaygggon is in con act w1th one of the

two outer interfaces of the intermediate layer 130. By
way of example, Figure 11 shows the doped layer 136
positioned directly on the outer interface of the
intermediate layer 130 with the reference magnetic layer
120.

In a third possible embodiment, shown in Figure 12,
the asymmetry of the potential profile across the
thickness of the intermediate layer 130 acting as the
tunnel barrier is achieved by making up said intermediate

layer 130 as a stack of at least one first layer 131 of a



In yet another enbodi ment, the nenory presents
t hree-di nensional architecture conprising a stack of P

waopenpssed | ayers of NN nenory cells, nmenor yPCEEPB0@067374
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each | ayer being distributad in a two-di nensi onal
architecture, P and N being integers, each bit |line
serving N nenory cells and each word Iine serving N

nERESE dEI9US Ak PomeER iR YRHSIO At eried) ts@saeing a

| ayalckrrRd @1 i aadl ati ngagepanat gecbayen ayeri ner pgsad
betvveera uccessi ve two-di nensi.onal archi tect,

PG R S GPINE v KR5S TR 3y &Gt
I @c@hs theaﬂle:rstshwmtmﬂ $tnd:§>raemérﬁcd\mﬁtaagﬁﬂcm‘netéme e, that
e ar .f ol | S&Id L Lon
rt| c %%%J lfrfoetre;n o] ff/ré)ﬁn gt\g exan'pq espsanc}’ %%ﬁreby
r efffoememme at @ttes tdedo mpzafyi ey Vdrtéwmg:éle iimbehvimsiiate layer

Fiigy ek d s_Lsa a@ﬁ&{ead?@d c view of a single prior art

menory cel | an MRAM Fl ‘gures 2 and 3 are diagrans

showi ng: ﬂﬁ’@“r@etdd: ERRA e TUHEN Gris Hhes pestanidiop ¢ierg
pradafanaerazgerm@lgx Mo dRelby W EdpE iaSSec |1ﬁtcﬁ;%s\éﬁ tduch as

d| od gur es and 5 are _diagra espectlve
Fiogle 1 et L O 0 SR et R Tt ar

magnet ITtet lﬂmfdageuramd mef@:mmatneﬂ;mm datyrarssllglmra;nd

n ar t [ O VI
varl anct & I"krg% al’(rieentugs g;'fgagé’%% exarrp %[ unne lW?{nown
j tecttihen oeermery sdéllilast itrheHenvarit.i oﬁ‘htm,glfroefs eegwd @ the

ang i AN 2HRMING LR PABNIIR] REQIAVL iRIRUT RS a

within the internedi até | ayer of the tunnel junctidn
ofStIﬁiC&urCémE’rdIS%’fg Faifbtﬂﬁé?l erroMagaiHQ i1Vt he - of

dlIﬁ:@%}_Il @mhfa tﬂﬁx@ﬂiﬁgrﬁéil\tmltaﬁ}@&,, R .gur es t@wcémby when
ar | r ammat.i.c ectian vj ews OWIn t varl
RGO AP 17 At d e MSGGAet Bt S8 FfrelRl 10 when

j wectrieon imertery regjrie tafzatthen msemielsmredzl glBve abt2dad img
d'u?l%.r m 'egct%%‘flt 'lo?na;gn%vﬁa'g fg t t% %%@%l eth%f Lmperature
t unne J uncti on nenor 31 I nventi on, - I'E lg)

130ms t4 titdgrcarhheh duiasg imse tre@mrfam@ﬁ of ¢hea tunnel

] WREhi R R 6@ 1 Bfedt, he_La NeHIN b1 G ahdlttd Gn
16 are di agr.ans, showi ng the wite function of_ a tunnel
Y AVIERLD

j Wesk (HE iLRFERIEGREtLS PRdee

pessiilFlea neatagaiat iemiedigrent s Fdrobliaampakignatiaation, the

CLAIREAsE 0f 13 0L £ L] IRLEISL O 8¢ gz atioy,

améudﬁﬁgkammumﬂmﬂsbgnﬂan*a@@netlzatlon it is made out of
an alloy such as FePt, or in the form of a multilayer
platinum/cobalt structure.

The material constituting the intermediate barrier

130 is advantageously selected, for example, from:
aluminum oxide (alumina Al,0,), and magnesium oxide (MgO) .
The thickness of the intermediate layer 130 is
advantageously selected to lie in the range 1 nm to 3 nm.
The layer of aluminum oxide can be obtained by depositing
a layer of metallic aluminum having the required
thicknessg, followed by an oxidation step, e.g. using a
plasma comprising oxygen. The MgO layer can be obtained
directly by evaporating a supply of magnesium oxide, e.dg.



per spective views of a two-di nensional nenory
i npl ementing the invention; and Figures 19 and 20 are

wob@gnaseat i ¢ section views of two exanpl es of PCT/EP2006/067374
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t hr ee- di nensi onal nenories 15npl ementing the invention.

A magnetic device of the invention conprises a

magnet oresi stive tunnel junction 100 (Figures 6 , 8
amy 1636 1Y) a&s SIRGtAITY Dedipr iodi Y & Foaittering,

n&%n@ml@é gl 2 (ﬁtamgslse_tm\z@%lﬂ(c)ﬁ adfigead direction,
and a or age et | ayer esent |
magnet ﬁlfattl%%n e{r‘tﬁ%{éllnber\}:am i iTEES %Fmﬁ ' &ge

i mtaerard dilatorisayieu th3M0y $éta/iitmg;ea:s: d3Bundsl4 barrier
tl}:t%lt\/antsta%%%%% yf" 'e\ie%et@&mt%‘f‘:téx‘é‘ﬁtgger eleegt C%t‘&{mna

i nsul Rat separ dt es t he ence magnetl
| amem@@hfart@rnltah@rstléroagferqamg@étaﬂ@ logy sremizpnductors such
AGGOrdiRE it t RSV entien, e sidder tBY 8 rlaaein . 13Gn
acting as .a_tunnel barrier presents asynmetry in the

&th@ntsipﬁuﬁrloﬁltrélwet e H%*ll@lgnééém&fn%l Ipéférlcular
1&@1&@.0@&1&@1 rtreeﬁwﬁl e Qidfr{]sﬁ_l’sbttsr a&p@mstﬂtﬁ?ﬂ ﬁaf a first
aymTetrl relativ t rect.ion.in whic

R e Apire o8By Srictadry Heope to

adx:btrssaaahtat ttttaaebonttemsexcxdtdwmfoft hidres engetrecedierte layer,
! 'f@ﬁ %%émb lde@)%sﬁc:t tns%lff S%'e%%trﬁd %é/}ltj Oté'l%.l%ﬁnltl’ptﬁﬂ with

gr eat I'n"undesirabl e curren

tmm@@rtl@trhérn mmr;mém g Gﬂé@ramwtéatutﬁemg@p

Ofp R IRNt 310 JOlthRg e_tnct@}nté@mteau&%w%@g Rl It@t@ insert
enbodi nents, .that, can be conbi.ned w one anot he

S ha b lah et CAPRed A i ey - idi zed
patreritian prfofibes ddtand Sa@&)tmmt mmlummr 0s9rt e general
t hi. cknessC of th nt er rredl at e&hﬁ\éer 130 that acts 38, a

t SidéBaricer © \M’ﬁ Sitér ayer 1307 ¢a

[ tlsletdrntaaeilm@e 1@p'eocf 1aBOsetr10dﬁ1dlabﬁert§le imssrfd AS3, 134 is
p?(t%%{ﬁb osﬁ&% as tl:r 3ia9/fert H@Zp%tfe'?)ta'r@ler—
rofi eacrossthethlc nes hi s 1 nternedi at

| afwértmz@o e e318d : n SIE D9 Jttﬁé@r ttlht‘f‘g izsgaity 188in ]434ye|and

Wittiiinh dehte d ittieigTedicatsedoayen a0 Wrabaaetierasditing
tunnel .barrier, which very thin layer is nmade of a

i@ lor seniconductive material other than the
mat er i alhefs theonstucrutddig tichd avemaildderi sotnatidee of magnesium

IQﬁﬁkﬂPdl%, ﬂé@@?iaf'@dage¥%ﬁ935 dﬂé qgs%&%f%%@Edlﬁﬁ may
a’'manner as to i zed potential
watdmannttalg@qumabebmhe@rtetdqatfoerc@mr@d% gaiom  or

U Rl il S ridhRSor! WRAHERIANAls chBid WET ¥ultMeh 1hay er

may, for exanple, constitute one to two planes of
attGmt adfins o IP 16t I9gT Sﬁ‘a{V@rl'alsj"(lllé:)Q@t" and germanium.

In a particular embodiment, the two layers 131, 132
on either side of the insert 133, 134 can be made of
different materials so as to optimize the properties of
the intermediate layer 130 by selecting materials that
present barriers of different heights, thereby giving a
second degree of control over the conduction asymmetry of
the intermediate layer in addition to or instead of
selecting the thicknesses e, and e, of the two layers 131,
132 on either side of the layer 133, 134 when making up
the intermediate layer 130.



133 in Figure 6 ) or indeed a fraction, even a small
fraction, of a plane of atons of said other nmateri al

w@baymn2s684 in Figure 7 ) . The very thin PCT/EP2006/067374
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insert-formng layer 133, 184 is preferably positioned
asymmetrically in the thickness of the internedi ate

| ayer 130, .i.e. within said internediatelayer 130, in
such a ‘Farfié ﬁ“ﬂ%ﬁé%t\/eﬁl’;ﬂ%i% IFW@EJ,%L,O ﬁhﬂgilsl' the
Cldugesd treqdreer af3 3, he A6vvialiisi dhd ritrerdraces aofe Sladyeer 130
I nter,nedi ate | ayer. . 130. Thus, .by way .of ex | e,
FeaIgy € Pt R RS B e
peradepestidli cof athdHantmerorediadt )| ayoers thi30 tsing) atasidl

between e e rliéx#é?ﬂ' NI@YEls 13 aj%%”iht‘é}‘%hxitalclﬁcni%r d¥yether

O Is greater than ess e2 of

magnetic | ayer,

t H@tébﬁth%ﬁ%/%zl%felt%ﬂtnt(@ﬁr@disétaé]{@éyec{raf%%?)t uatfsg way
b@ﬂ/\@@&t_ Irlﬂl'l% ,Vﬁtih\léztcr)r’(éit'r:éﬂi%m%f céﬁ?stdﬂ%ftiaf@ddﬂﬂée T&f-erence
magnetri c .l ayer , . | gur es an are lLagrans .,

o FFETICH e e G I Ay IPeT drid BRp s g num or

t Infaougts ituie dxitder, medicatithd ayeri nbB @ lasnem tfaumety e ofetals or
the dir i of t val t . ied tp t ermpal s .

b Ferfld A LG W LAV SRA L Sl M s um,
valuthge ivin, s tamtlaled berwedd itdre st GlegeHiajaresd efelthe
52_L)ov?-%r1tkc):‘h1,1%tt{]i§1fieclryerl‘%ﬁ:ér%é%fia(tlee\iealyeis)lﬂOt heypot enti al

50 seen by el’ectrons presents a potential well 51
aPdRe Gages s w33 101 34 Shuatews /e Yhterfediige@ng &

| @fedl 3 it &StAICen AR THIMARRNIHRIFRAIES in the
of the internedi ate | ayer respectively with the

st6rEGe U-ay & 52 dnd™he reference | ayer 53. Figure 8
shows tine thed glrtbddiodferithetommedn Fargurer . 12Thehe low-

i al. . i ' ' 4
DRAERMA AT s SRR AV 10 (P B ettt oY
elséaokomy passileyans ddgh (3¢ ioft enmdisdtiend ayemor3dy

efdeeticahy e iaducaths 1R GYM nastin QR 1®dn 2), with
negative vaoltage V is _applied between the storage

| Bpes ile & T Stiid HHEREPEEan e | Byet0 (F2vid B25ate a
t I@mmta_ratl: @Jrolﬁlcugeematty hi@@s@)n@@ﬁ;xqr@ss 1it§fﬂqsw e;sgndt s

a ot entl a at t I nser.t , I tuate I N
PRt A drb Cpaguldl Ty S st ta i ] 130
hay weryy dfi teeepdfef, e ttheomatthee iellectsregh g0 viiroh theadsvo

t r (al.ectyri duct-ivi ) rti .

| S5V AT B MR TR RO Hhide,
sisdd 16t R uFenR t Ifinel |tayFénizgs oxige .can be nade of

di f f er emt kﬁmﬁ l@o@it'ga!?& Q:tff %@{]@ i%ré%ltgdnv,e tmtlgrzli%ldi%ﬂ laha
one paQssli e e oal ngnt, snhown_ln | gur es an ,
tﬁ@%%’r’é’lfr ﬁ“g’rﬂﬁ@lﬁ’@t &R élelﬁré’lni & O5ES58S thet are

t hicGkness aefl itshed Bher ednat &d aper P3G oacisikig 1asl tike the

art. The bit line 106 and the word line 108 (see
Figure 13) are advantageously made of copper, for
example.

Reading can be performed, for example, by
determining the level of the electrical resistivity of
the magnetic tunnel junction 130 which is comparatively
high with antiparallel magnetizations of the reference
layer 120 and the storage layer 110, and comparatively

low with parallel magnetizations of the reference layer



tunnel barrier is achieved by creating a doped region
within said |ayer 130 at a distance e fromthe storage

wor@neiise3 | ayer 110 and at a distance e2 (diffPRPCERP2006/067374
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frome ) fromthe referenca7magnetic |ayer 120. The

region is doped by inserting a material that is

diffe&ggi féo that constituting the remainder of the

i dtle Ty ety lagy i nd Yeilrfy-s purpose, a

| ) wesrednit e @Dfi?érérﬁ:eerﬁat@pﬂiiéﬂ bdthe=stopatk rm'danliale 108

I h lized d
pren ) L1y et e L o6l 50, 0 SSHIRLL Gl o
| rils3e?r,t echdni tthe rcumeenmtse,nm:ami layer dBthet Merey AWwin

dvidy; byd g ng a material other than that
cons tuI/lln lthe erCI port| ons 131, 132 of the

i nter né‘d?rat 4raigﬁermagré%tdwgtﬂtcm £1 dhe shidade davsy drlo,

pafentid Md i Jlﬁf&%&ﬁ reegh Qi Lokl 1001 qoleaombﬂEﬁeng

do ed reg| on 1 osi t i_oned asymTetrl cally wi
DS (TR bR L RS 3 7 e 9%

i S:dtﬁ:terﬁ:l tpiﬁ'IIsﬁsds dinddecha dedrel tjnefaeqf% antl ithd it line

I f t t t t of the
CA R s e el e TP R Rl iR e
doped rlﬁf@ oreqtsﬁr isunt s tWepgmro m@gﬂm:lrceffereelm as created
ITH_Lg{]q; CS (Pjs%ltéla&a OCC;I}% %ﬁ%%.ﬁ:l t eerrc:Ltlve

One o stances e and eZ2 even e zZer

sufclﬁﬂ%af ttI”IEe cﬁiﬁe’cﬁgﬁed@mﬁﬁ st sdmneas iad ore té¥e 'two

t Iﬁrﬁadﬂ&lQ;Utf_ei;elcfg egrd‘rﬁ,cle%xqefd tﬂﬁi féair]lermt haitsg 1@%3é,ed :rthla% the
y of_e i gure oWs e dope ayer

1§6)e§(v§s71ttj1vc?ne%l%ﬁ£&§el o tHEButEY Sntldrtace of the

i nt er meditdt e |seyaradk8 A apdrh e Heafiere e paghietilar

I r athlrd ssibl.e enh hovvnln

e el e o i Tl i b le, by

acrions teneaus lok massl g eirnerdy pedisstse dmaydrl 180 some of

a‘gﬂengv&%st ﬁqﬁémqig baq{d 't@fe 'bataclmr%\éegi&sv HHB RGP

sald internedi ate | ayer a stack | east one

f.afds‘itaqeasrertqﬁleofme&fqrr%thlﬁs&% My Bresdemn. The vector
CRAGUIE wehdradwry I ﬂzﬁﬂseragjmle thicoknress @reardl atn this

e SROGEIE Thi'e] 0 ThPTEPonb ot O ROy give Field

nmetfe robed s:mctaryeeﬁen/temgla) thdhelmm eat ket UI& magnetic
prfelf eirc@bIc%n(g féeq ﬁ“ln{' glgq eI'I_q_ot%hll%k &3y han gxr eby

formng potenti a Wt the 1 nternedi ate
I aa@@rrcmewaﬁlalﬁ y riadest sitealageA lapgretlil® -t ulislertheless,

] qrtctsgmlﬁ Héﬂ%us@k%d UhaGaR R LRS! ¥ uRe 1Tede are

osi tion process such as cathode stputterl ng_ar
m’)IS&SIUI yora Eé@rﬂ%ﬁgt g)@)e desired magnetic

two of the magnetic fields as created must also produce a

ield, combining

sum that is less than the coercitive field of the storage
layer 110.

Additional advantages of the invention can be
obtained in combination with write processes such as
thermally-assisted writing or writing by polarized
current injection. The invention presents intrinsic
advantages that make implementing either of those two

processes easier.



The storage and reference magnetic |layers 110 and 120
can be nmade using techniques that are now well known

w0 ooorloesper son skilled in the art. Thus, for ereIEP®06/067374
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the reference magnetic | ayas 120 can be constituted by

a stack conprising an antif erromagnetic |ayer, e.g.

of IrMy, and a ferromagnetic |layer, e.g. of CoFe alloy
when pPgndenrdgned 2ROVEn P&I@ES FeFuUsitan FePt al | oy
when 2{@@59@@@5@@ an ra@t@;@titb'é@t Iien tithfze d;%%sit{eg&t BY vRAM, a
anneal i under, an external magnetic fjel, .abov
BT SEGs R R PRl Ga nd e free
ofnaighe tdnt ilfayenr afaghet addragered itunnelpgssidiierd ds

| Aee A0 exehange el § betean e J SLLATRANeL . AN,

rromagnet i c 1 ayer anar magne 1mon,
t hdiroughagdid ayemel] 0 uns tiwde soo e sexanmsles raats cofl tkeNi

ald Q¥ iWhiJe ffi%rlqoer pendi cul ar magnetization, it is

made out of an alloy such as FePt, or in the formof a
mul ti | #pEe sSldemPdobRe PFRAGETUREY STHe Fnten al
Céﬁl&ﬁztaitnttlétgiel?ogllstl@/e b:entitaﬁ;méehd 'fealtt%dba;rirt:hersula@pf d SI‘Als process.
advant ageousl y sel ec , for exanpl e, om al um num

oxi do CACURATA A 565).0 SR TEGRESI i G dE OS] thd 00
t hifc kies 3 nefenttien risesoreditaide wiayeibil3 1IGnes 106 and word
a ta us e ted_ tq.lie. i I, t

o Rt e L ot B B ey misq by Brbeess
déposimpilrgean tiegy dF iglunest aldl ifadallo wormwidll pdiche a write
;%%cre%% R G i nloll aped By 1an- 10802t 9R 8t @R wards the

.g. usi n% a plrasma conpri si.ng _ox;igen. The MO | ayer
c & BedShtlarsed (FLeddd y By 16vaprianend 4 suppl y of
gagnesi?ifgle@&iyde,toe:\,\@-i@!el &E@@_‘ﬁxo&fy P ielts Ctuhen rkefy @ell

at hode sputtering, |ikew se usin magnesi um

oriBe £ Gt ToRT G KBS BT HEnt iow 10 FrgtRae ! 4y
7 abaviee tingt @licalk ingnstempetriang richefi nder ts th33gel 3dyvies: but
ag¥ﬁﬂ%ﬁ%%%y%i%cigth%%%@FE%EUEQaggl%héwyéﬁ@}éﬂl@“ﬂ%?er 120
i nternedi ate layer "1 rom nmetals or sem _conductors
s fvh sggLdaingnman Pml sgoltdrosighy éhe siemogon ceddd 100.  The
g?ﬂﬁ%‘s‘émofl RHiRe IRCHA &) FEWIRLARGR ¢hdiSiMGe operation
al'um num ag%ar,tl cul ar fabricatjon techni gue consists
| RTBESs G of &Py BETIEAFER L LANER MYmPPPIMIoRe &
byha@ieddld @1,.e180 bgs pa@ sdars icutrted tt e diwet tsarhtp®lli Advcated

cddbing | BEEFTE 0 O Mhecherh 0 DR AT Oty

| pegpeadicelegnsol t(@tguirke 180p opopeired 1831 wiftht HEgigure 15)

e T S5 By T ha non- O TS TP Sot om ot

t HEigBEend 6 ayieri ner thlcumiestivd Cescrébgehdrapatent document

CiyisC pBbana @ 5@h3a Anat efrhal HILReK nbharmPlcHitiHBs e respond
to the temperatures to be reached in order to enable
magnetization to be reversed under the applied magnetic
field in question.

Nevertheless, in prior art devices, in order to
guarantee that the memory cell 100 in which it is desired
to modify the relative orientation of the magnetic layer
has indeed been selected, such an operation makes it
necessary, for example, to use one transistor (based on

semiconductor technology) per memory cell or per group of
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intermedi ate layer 130 including the insert 133, 134
is made nerely by deposing a first |ayer 132 of

whaswriogrsbor mi ng material, depositing the inserpCl/BB2006/067374

134, and then depositing the second | ayer of barrier-
formng material . Wien the internediate layer 13 0 is
made of magnesi um oxi de, the material constituting the

i gertiess,. 138 ﬁﬁlﬁtta&svéﬁtlg@é@&épp b&asH Etld§ Hopp memory

exanpl %eqhﬁ@@ss 8 sC BREUEL Bt o tralas oS Wb 1S of eo Bwd Mched
ruthenl OtP]_antaIu gold.or. silver, silic

gépﬁﬁnl s& k& Vbﬁpgﬂy&ﬁﬁbélﬁg&ﬁagﬁhe ’ @%&ers
1&bnsﬁ32ngne@ek@@r whdeeothbhetMQ&emkab&EStb&& aamo@eated

e, LLLSPLRLY Lol SOAR L0 GPLLIAE Uise

propertles o iate a er
mat er i &he thyensiesemekiesr rlltems@flhilef fter @mlthélhg‘tﬁt S,

t@% LeRY G RY %e%%%o%g deQr 68 offe CFHIL ﬁ%ﬁﬂ:kﬁ%ntrln51c
conduction asynmetry of the intermedi ate |layer in
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materi al use formt ers
S@E@@ﬁ@@.@Wbﬁpﬁ§§ﬁésﬁ&ﬁmgﬁgdén t e bit Ilines 106 and the

word lines 108, respectively. Arrow 201 represents the
resulting magnetic field in the cell that is addressed.
The write operation can be performed by applying a
local magnetic field to the storage layer. By way of
example, if the cell 100 that is to be addressed is
situated at the intersection between the line B2 and the
line W2, the two conductor lines Bl and B3 situated on
either side of the junction that is to be addressed are
fed with currents in the opposite direction to create two

magnetic fields perpendicular to the plane of the array



silica, alumna, and titaniumoxide. In the context o
f the invention, the witing and reading o f

WO pdooomEts on can rely on processes that are webP¢T/EP2006/067374

10

15

20

25

30

35

est abl i shed and known to the person skilled in the
art. The bit line 106 and the word line 108 (see

Figure 13) are advantageously nmade o f copper, for
eénﬁeeu.s Reddih & a%n B F FPerF oG8 PF Wﬁ‘ﬁaﬁ?ﬁi,%we
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. netic - tunnel juncti 13 .0 .ch i.s
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f s:jﬂwfa%‘ dregreoe draly err el 10 earickd ergtasrdagel laayler thieto.
and co r-at | 0 i r | ZatlQns; :
the r e;ﬁé?é?ﬁgél\%%aéeér’lwg% %1?_ t ﬁsﬁ%r@% gi}efr. 110&§ o
Fom il Suingdse are pedhtgdlinitfe Gtodgnes B1, B3,

beiveemd he Wor ddddie IGNG, thedddedid&Eik0& 201 that is
addressing the selected junction 130, a&@ﬁhe current
gu

SIS e WP Ta a4 Ked 9957 208War 98 ofF Rgssing
lnmw&gzo ifore ajmfosrmb ei:‘jﬂaiﬂiwnd@\&)fdm Isdaat age ab

ayer 1.t ng .can e.__per I o 10, ex e,
c nrﬁ]tﬁf rékger%éi ikge nlgelcd’ﬁsea([:)creélt%éq}qbylssi njﬂﬁcgcgdous d
i Mjdeotivardsf" )cur Eatth fulesles tiakan tdwpammtee Iy nes IS sarithan
t i ' 1 t C ' ;
U P e A st S T edonet | & o 4 g in

cradtiaelivh 1eviey Sfdy dfs e ediar ey e gitacertuingt t he
coridtliions fi el ffaittherst ¢iage lawel Wl viheieasield is
each of the two_magnetic fields .C(i:’]cild red in

e

i SBHat (B TIOYELS Fhdhd He Coerci® SIFdtethe 1" 10
stearagd ilrey etecliHdl W lereastiorpge liayetivditedan rpur
p%%ﬁ%.%kpuﬁﬁg éHéﬂ%%ﬁf%%é‘”}"‘%Héé'%%d¥ﬁ1ﬂ¥9ﬂ¥§§§¥#2?*if
for“exanpl €,” by simul'taneousl y applying current pulses

i orely agre slome ofenchaisgst.ds I ey 0@ fampwdre dsirtsumption:

lines 106 that @mre adjgegpt 1 opider hpyory ggelh 100 in
question. The vettdr sumof the two to four nagnetic
f itdld S g6 ddt ddhUsh Bhids fRFas Helectfed ey genting the

gr%@ce;rritdﬁn rtehﬁ_hsct%?fdéhtdﬁ/% fdcﬁidi’lc?j‘orlt Lle,l,rﬁi)o.f age | ayer
110, ereas each of _the, netic fields consi.dered.in
S0l at 1T FETHSh T PHOTEGaAA PRI o i FHe
stworiage desyrert 10 .caNever tdeed feasned tass ldudwoh her ghispmeed 5,
LG AN DA MO RAS: AP ad AL |
R RN & ! WY, B e S R 0 an
Mg ¢ 0 @ltds-hes stiosaasd Iyt -al S ey #aldm 1n
tRalgure 8 dha tHhe Llitd wad IRlghafritia $91R08n the
| ayer 110. Additional advantages of the invention can
peame manner as the memory cells of Figure 14.
Nevertheless, for simplification purposes, Figure 15
shows only one cell 100 placed at the intersection
between a bit line B2 and a word line W2. Given that the
magnetization for reversing lies in the plane of the
layers, the current for creating a local magnetic field
passes along the lines B2 or W2. In Figure 15, the
current 2 traveling along the line W2 is represented by a

dashed line 203.
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advant ages that nake inplementing either of those two
processes easier.As nentioned above, patent docunent

US 2005/,002228 describes _in the context of MRAM. a

t her maFRYMEEs it e Birlilt & Tpridte SOAERES) 9T MARAH 13 1s with
f rrenmBgrelgne diaperi cof, tdwaddressed taxmmell 4 wictilen write

i s_advant ageously heated by an electric current
iﬁF@%@%&ophrough the tunnel junction so as to decrease

its codmciftiioweef ilél,d.thidknoriyc ec eldeyradfi drhel prosseitirmed by

| ORI AR A, 2ANLAGR0US DS I IRIRIRI A MY on of

process . Figures 14 to 16 show exanpl es .
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ayer (Figure 16) is. i nented. .Briefly,, to ite
b e T TR O LR
stldifage Thay i retQ,ions dfeateenhatta zatiowe tdfe Whlisckialgrizer

t %’E@ﬁ&%&u 8 t‘?lferI Iﬂ)% i)te‘?cr ilc%)'i%rr tﬁbt et@%a?gréﬂfgoofbythe thin

bl'ocki ng tenperature of the referenc .

s &iffiary CoONSH e tesk g atiise ReEPEy? el 1011 (D SeTflanar, in
pwh%?@ @fset hits hﬁﬁ@ lrc]ﬁrtébttl;]ﬁﬁd lgst ?ta@ﬂé(}q zyatrdhit&l bthat is
operatl o roper | C IS en perrtor el er

A BPPERS E g €0 5 SR el i Curents TRy Laver
suictralfhyatl eeaisethtlsi res addpe ndiatg ien olMvetehero t he

magnet i zat j are r [ t0, (:F qur

PHAR G AL A garE BENE 1 Uy ek hatyeen che
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dostidhetohuilels RoTRlodds 2002/ 019582 Al ionlhe «

ocki ng tenperatures correspond to the tenperatures
t BBESESEYhEP iASETder SERTANNY ndyifét il2dt iRGFeshehe

r @(ﬁ%&ﬁ@leliﬂd@ro_ el apRd is&d}ﬂwd netdye:f ileioddi mgue Hdpdatrator
vert SS, | rior art vices, In order to .
QIEVET a8 Uk HAY e SRRSIAFHEd SI6dS™ Rihie ROt fagnet ic
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i G -l I [ e
CRSREHES iy T | HERPEINOR Sote AR, che
t mersiryt eellbdgem dies diinsofudicvandsc sl dgyde ger (dashed

MRy 20l QrReHbHAWY Afd WEd@hs Heithatinjected from
configuration, each wite to a nenory cell requires

i {952 SETECRCEF U PEN DG A3 B s ACHEF iThtSo SHogage Laver
stiatoe byhapplovintd garadlitcagd,s tdmerseliyndeed compatible with

the memory cells of the present invention.

Naturally, it is also possible to combine the
embodiments of Figures 15 and 16.

With reference to Figures 17 to 20 there follows a
description of applications of magnetic devices 100 of
the invention to two-dimensional or three-dimensional
memories which, because of the invention, present

improved memory cell densities per unit area.
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consum ng energy, while the other transistors

associated with the other nenory cells remain in an
WOeRH781BE. The i nvention makes it possi bl e t oPOIVEP2006/067374

this transistor by neans of2the diode effect that is

intrinsic to the junction itself: since current can

flowonly fromthe reference |ayer 120 towards the

st or ag&iioayer 17105 i 5@ I8 tH16s dar 76w OmMSPESHBRL

t Iaec@ltlereaﬁeﬂeaxerr Jal@\é@/.’@r dshdth edn@fzersensc e hayeimory

t he bl e interferin par: pat hs via
2 i EEHE o 000 TR It SR GRET S 1 b ehdiiy ) ngrhere
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pE@mhdwopgdu rlameas]éld% saéiseocmr\ﬂvtl;dea [ s cainss tpragy itge N memory

tial; ggavings in terns of the current density
use since losses are greatly reduced. Figure 14

rel at e§ltgélr@eﬁ=§r)%scé‘l I°5 SRR 5 BFESRETd IR arlew showing
MagRet iaz E%F/ddl@énielﬂlsﬁlcgﬁje a%hl&rerdmﬁ:l & ra@f@i(r) gﬁﬁmda Wi ReE h
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\/\/&ll&ulsltﬁféglf(% ]é@(rahﬂd fi%d e Inélmlﬁ gE\}

14 cshowsl ttor edriset ﬂdrnefhel(hﬁtr dfierase®t,0 B |H3nardl ,for the
IME%GQlen!ln%% three word |ines 108, referred

to as | line W3 . The | oops 206, 208
Wit h aﬂooweardemequm@t@qremmﬁaﬁ Arhe MRFIREY

f 'eqle%ner eat %t@ﬁt%w ente Ad QMg 1idn ataﬁll@a Hdtieenl QB pit

and the word |ines 108, respectively r ow

r épres emcs & HeTeddmns fdiatadid e aGtE &4 ﬁ:%éﬂe&aqy

t Ratenics taddressediinthe wite operati on can be
perforned by .applying a l.ocal net| ield to
storagg%wﬁyeﬁp'%ﬁém%%%%DQ&éﬂilé' ﬁﬁ% ceM° ?ﬁﬂfﬁﬁ%ﬂ
i slitfd erenadd ries seg liieds idaratesoh a:thet Henast A2 ectd G2 and the

Cong@ﬁ%uEQ%m!'&e Eg égggtbs Béggrﬁgne Eﬂg %&@ue of Fhe

tofr 11 nes*B tuated on either side o
t BEorgec tindwriedtions ¢'® "be@raddr'dssed are fed with

curr enteddl nihe naRpesidierdided ihdry Yaade déﬁﬁands on the
magneti.c fiel ds perpendlculg to t he plane of

arfeayof VEe s Bt Ae P A 58 o
tlfermﬁ@e:te(md ileger\y wrd AR Sﬂnd h:mfetﬂmldeourayer and as
%Pet'oxf'el are all directed in the same direction

tgﬁégealayer and are directed perpendicularly
t her et @1 thn pRiaguare MBS edrirzaws. OB r épr dsemosisidle to use the

diJ ?tae'n%'l%naﬁ \ﬁ@t%dp ltrrfa%mfs Q\fegla@ﬂdm%d dd! e person

conduct or l'ines BI, in_order to apply

a Sirddred drf itéied azm aﬂ@atthast pér EsaTcinesy adgye with

dlrreq@t&glceum;\@a@q@ur(ew@r ecpassing current in the

oppost 5,9 Lection.vetd Lead 19 2 earelie hieldae or
combination of current pulses I. traveling along the word
lines and the bit lines that are adjacent to those
connected to the memory cell in guestion (lines B1l, B3,
Wl, and W3 in Figure 18). The field 201 created by the
current pulse in each of the lines is less than the
coercitive field of the storage layer. However, the sum

of all four fields is greater. The use of four lines
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tunnel junctions. In additi2en, since each individual
field is only one- fourth of the total field, the
current "i" in each line needed for creating it is
dingikdsd iy ooswille d19 weadsl e cdwrrtenty "Wri tiet afoul d

be IREESSAN il %Wd?ﬂfeﬂ'n%d&%f% dised. In terms of
power consunption: p totai = 4*R(1/4) 2 = R

| 2/ 4 t &S BFSTECs lﬂ%’l?éltti;?na ISy GogwPasrigd q ith
I ereseitiiong 1t e el rdfC&{eafcﬁﬁgStlaﬁQ:ﬁ:H@ftla)rQOﬁdﬂrCtDMAMs .
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menory cells 1n gure can pe arranged I nt

gédmaiariendling @néﬁaﬁl&%@a@é IPEEET %@Wa‘r&ﬁéﬁry
C@da%a%fte%lgw entAd gdNeverd heliessi fidky SidRidifdiGR} iemH
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V\Zéerl@svmt&h&met hermagnetd12at (0an wiah reversin@®fl insnory

pIa of, the l.ayer t he curr. nt for..creating a
I oczE\J‘Irl ec J‘fnveln&lé%% tzls almgﬁ{ge he FRes béf %’O <
| m:omthaolal e hodlsr emt a@ivarenegldowy alegment leend itge obtain
V\%llg%erregrt%%%@tee%e@éﬁ dashed line 203 .Figure 16,
in the context of menory cells vvlth pl anar
rragnet PFafieat ot bavst héh ik aFsRe igr thiee Wi ttde memory
Oﬂt%]fdatl'n@étegléﬁt@tﬁl@t&ﬁ okGatHéWQ,n\MeltnLtﬁto%F%&? 'a?%d Tompatible
per rme i npecti.ng curre at | eads to movenen
EESSHBN Gathd STaerraden G SOF Lo O3t SFagend by
I ayngrect'li@guss@lmgﬁ:hmtﬂmdi aﬁudm iibed ithepatteMage layer
eg§ %p%%.%ﬁ %2% ese H%thod@e%es%ﬁgx.%ﬁeﬂ% ed in
na ne evi ce ing as an &l &¢t ron
hmﬂmgltm@qmsu r@niney p@nﬁ@wdﬁn@ﬂsnlamgt @rtelaé:terofsttdr@ge

s%%g_%lle@ye% 110..Hedigection of magnetization of
this polarlzer 140 may either be perpendicular to the

pl ane &RIUEE i FHoHFerTc Sl OF By saPd isaitdaorz &f, the

orm@letmu@ltnart@r tﬁl&@%l@ﬁ&d@@ldﬂ lali@sltla;e;eﬂhtnﬁ«étl am @hich the
I.Zatl O a pe I.CUl ar (0] e

m&% gt ﬂ ng at“ﬁfe%@t 05333 ql S 108 ARt S5 e S¥nte°

amem@giye ltalywra S ttleasbyt Gapenpgesdacyl anyd faftiditating

p r 0 is placed between the top copper |ine
qé%eﬁéiétééagg | ayer, as described in
Thus,

Figure 19 comprises a set of P superposed layers each

e three dimensional architecture of

having N*N memory cells 100 each connected to one bit
line 106 and one word line 108, where P and N are
integers.

Each bit line 106 and each word line 108 serving
memory cells 100 other than the memory cells of the outer
layers is associated with memory cells 100 belonging to
two different adjacent layers P; and P,

Figure 20 shows a three-dimensional architecture

that is obtained by stacking two-dimensional
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separator |ayer 150 may be2donstituted either by a

non- magnetic netal (or a plurality of netals) , or

el se by an insulating layer. The current passes

t GG adtelnfsned dél9edtidhe tiie Yliatel ng %Qﬂﬁd?%tsoli hgyers
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resent, | v rall it S S|ble to
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a section VI ew Q i.mensi o aI ar chitecture
f G S (N cells
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gt AL 'e&et}g) '?&é%ssi%“’es ézx‘?{ﬁgFéQ{lsatlng

ch mor 'S0 prOV|des a conn
Nsrmmrﬁstom drerets 16060, la:ugmeerpmada hetgiegy divmtduccessive

pQﬁﬁQ@Qﬁéﬂ%f@ﬂ@ﬂ5%3?@ﬂ&]§“°@ a Eﬂpp@kqgaﬁboﬁéhner in the
arch|tecture and way of iffTustration and

SiSHAIGH i ﬁ(ﬁqﬂquﬂ§QQnﬁﬂ¥eqﬁls reduced to three for
t he bi millsmseoBlmcﬁé eBPahar&; f@bﬂl@w&&édmﬁﬂd&y to be

W2 . To r.ead th or ion.recor

D £ ithatiER I s o S Gkt e s ible

bitto Ipienre camd r&pﬂ(amarlumndmtpnmmgmmmg hreemenoriyayer

eI t f r a i .

?ﬂgﬂpoggﬁffgﬁﬂggg?erencér|s&§%§I?édqgkftgka 4¥Hfatlng

| |S@@§rezwafnda»@rand Irhe vegdaevr iadntthie dinyerdddnt.o the

dq&%mma&qn@%e\ﬁﬁﬂaec&f 1R st ded dfiidBtd N der@oBlcally
HéP Readi ng infornpation at a nmenory poi nt depends on

LR AR et TR TR R 1R Re SRR E M S ¢ e O -

f emcemegreti ¢ |p|ﬂ)6.@fé$ usmdaﬁas it Hes reef drrareeed)ay errianrd

as_the or ayer. Wt nar, net i at|on

Yeriart D5 Ibs B ennie e TS RS g et

Kk rednart t@nthexpergm@n successively stacking more than 3

memory layers, or to subdivide the memory into elements
each comprising j planes, e.g. in order to facilitate
making lateral electrical connections to the memory
layers.

Depending on the orientation of the magnetization in
the storage layers, use is made of the method described
above for writing information in a two-dimensional
architecture. This organization of the memory is also
compatible with TAS (thermally-assisted) writing and with
current-induced magnetic switching (CIMS), i.e. writing

by injecting a spin-polarized current.



skilled in the art and that is described above with
reference to Figures 2 to 5 . Wth perpendicul ar

worRr@netiseati on, use i s nmade of a conbi nati on oPCT/EPZ®6V67374

10

15

20

25

30

35

pul ses Ic traveling along 2he word |ines and the bit

lines that are adjacent to those connected to the

menory cell in question (lines B, B3, W, and WB in

Fi S18) . The field 201 created by the current

pul.se im’agﬁ?ﬁiﬂi@fddd‘iﬁtd e disires S thamdter aoeyditd Winnel
fi.el d of thel tora Hawever, the sum of all

f PSS @nds [ s grel erlafyﬁ?énplfslélgfg four linesmakes it
possi bl-e a o ehegicthdenwelgretarey hanietd nd 26F) ihefwimmat i on

COn‘%g%étgltﬁetrl q%r}é Qﬁlrlect e -esent dyveption is

Conventional et hods of Feadi ng
i nf or mat Bk FEGHNVRAEISL IS Aee athe lddymbertingl

ehRGlTdtGala tGQRIUGT 'aorc‘i;dr%caﬁ@pt@iae;d W R dikgtdinnglg

barrier within the msm)r cell, the invention nmakes it
possi bl'e 3% %ecr“}er% vieF 4 BAnGHaW G Gt Hepmel
elarerites froratguar @ﬁs@itﬂ@lﬂhﬁ m@d&m\ﬁﬁjc&ctdxvldnedtrncauy

vvr.itlri and re: tn t hat woul %ﬂ enee et
camid S R s R e i
ng@m@rof(er@ﬁorfyomelukse) stoﬂa@a mwnatarm tlyse mmalddd) )i it

POSSi blig I @ HS& L Qe ?ﬁg} cﬁ%?l odsy 137 aguan tta}gae%bscentlal

manner and to obtain storage densiti es.
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| ERERNtald emhiQfkrde I03venrtiion e al1se)cypald ME produce
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i npl enented i n advant ageous manner whil e enabli ng
greater storage densities to be achieved. Figure 19
skowd devéxangiceosidiay d&opldledm dn chariee taniasd dm tthat
t higedicBasiandle ar %@kIQQ%%i adﬂlﬂ@“é§1t'@%ﬂﬂ@fjbarrler

lines 108 and the bit |ines are used by two nenDry

| &yecrlélde@hémew%&%lﬁém%éoeaén@ ffagisl Cdsitggice (e;) Trom

I ][thg; rsa;folr@%g Thusettike 1&@@5 d}ltlrmg nsmenalt ar @f@ldoefa Wi tance

(0] re coO | Ses a se (0] p avers

o) b S TR N RERL o B rinehC e LaRSERREH) o Xr kRp e thin

bileyleirnd 1306 d3d )ond wormnetlailig c108, smrc@nlauamivl& A erial
E bit | ol |

'Sg)?cg%ﬁf %han %%'&t :oltrs t?[%g %@n@%?ﬁgﬁqﬁlﬁwlﬂé I]egl%l%%%r of

ofcfnehéné:@me 1@9@ dayeraddadi atleéd ) wistch age reor ycr@@mes a

190 thekenai R@1t0that is localized and asymmetrical within

the tunnel barrier.

3. A device according to claim 2, characterized in that
said very thin layer (133) presents a thickness of one to

two planes of atoms.

4. A device according to claim 12, characterized in that
said very thin laver (134) presents a thickness of a

fraction of a plane of atoms.



two different adjacent |layers P and P1+1 . Figure 20
shows a three-di nensional architecture that is
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inserting insulating separasor |ayers 160. Under such
ci rcunst ances, the vvord lines and/or the bit lines are
r .common be the different pl.ane f
ooty oS PRSI 4. drWe i By 2 st &
paﬂiamamitwrh.)zed Hen tﬂm-@MM|de@C¢%Oepmsents a
o] la u XS | r
v%h ee %%a% d}e%%?ce% ﬁ% ?rgd%asc %ﬁ'{]p‘?}i ¢ xasyte dslstance
celd; s - 100 |n each Iayer P1, P1+1 being di strl but ed in
a two-di nmensi onal configuration, P and N being
|nte ers. Each bit |line 106 serves N nenory ceIIs 100
SRVAGTEd A6 MY & weY Qe fdr \Fldemss A0 S
V\A&Jaﬂrrac%elefed hey tﬂmlm%&@ﬁﬂnde&yefﬁ tl'z%,n intermediate

sul ati se a er I nt Lrpos bet ween

e ddadiv 8 o SRS analt 4 BePS PTS B fih O
pe;rema(d:omdmmme#e ima ttehe esltsacln @fi thesupardeosed dlayerery thin
Thi echnisqu abl es fabrication technol ogy to be
s!ln%'tr Ii 3 ?’nﬁ[} | oss of density, and makes it
possi bl e to perform repl anarization prior to grow ng

MEMOLY dRMele EtbrAHLr JTRKidig riembrl'ﬁérla%@érl(z@d éerj that
the insulating separator layer. In .a variant of

TRt itarr et iatsu I ety sle"&dr SNy & d‘éﬁmc?el bafrler
l ﬁ&@lb@@sper iReerldayiion thigsst nee)ure tHiu it @fitdess

s oo e gBn 2 Ph e Sl t At CBF PHE*PRUGREPBN SEokeYer

t dld(ﬁ)r)r ectd grtowt s edefnel tds sttzatcec Ae,0cCupmwhbr reference
S%%@%%C%r'i‘ée' y%h CHING MR N3N d o SRR ﬁlls&f:ya‘?fcsé S]fﬁresents

e mermr Into el enents ea

ja vmlal@eghféegentn f@r@@ertha@ fofcidtie a?tléfsﬁmldlr:ﬁg:armeer@l

el Hoprla GRRAREE i(@NS t a e HEIRY MIRYENS, -inserting a

Dependi,ng on_the rlentatlon of the magnetization jin

t e teed & g rtglanu%‘aits CrESE G HIRG it g@mainder of

desfer |1bl@@ra*é@\i%tfeoﬂ_awréﬁl (g1 ,nfigenatdomd A create in the
- di msnS| onal_ ar h| tect ure.. - Thi,s Lor %arll zat.i.on

G 15 P4 S0 2c ot BFe i TASE 16 Toralit
(taﬁemmtlrywésmsitéd)n \Mhet itrugpnaedd bairtti egur rent - i nduced
magnetic switching (CIMS), i.e. witing by injecting a

spi n-pol arized current. CLAIMS 1 . A nmagnetic device
c@n‘plAl siavg cg ﬁ&@ﬁé@é@@su@t ial@ ifunelchaimetiesn erbdy that

I sl fofCQJHér IFSRE s d &fcRIRNIC & i RRARRIHC Ieayeé (129)zero
havi tion in a direction that |sf|xed
S@&F éﬁ Fe@ff65 ﬁ; ds in contact with one

of the two outer interfaces of said intermediate layer
(131) with the reference magnetic layer (120) and with
the storage magnetic layer (210).

9. A device according to claim 1, characterized in that
said intermediate layer (130) acting as a tunnel barrier
comprises a stack of at least a first layer (131) of a
first insulating or semiconductive material and
presenting a first thickness (e;, e,), and of at least one

second layer (132) of a second insulating or



magnetization in a direction that is variable; and an
internmedi ate layer (13 0 ) acting as a tunnel barrier
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i nsul ati ng and that separates the reference nagnetic

| ayer (120) fromthe storage magnetic layer (110); the

devi ce being characterjzed in that the potenti al

prcitl ORI He § Madrreidt-at® &gt fron )sqid first

asyHa@tid cand@gassedtiend N daessd ofhsabtedayes, ) (13 0

) so as to produce a current response that is

asymmetrical as a function of the applied voltage. 2 .

A ldeviix eleacicor damprdimd aiondlgicar adieeraesrized hat that

t oy t I

bl IR b T (i BieBEslR 3308 Wl Rerens, from

( &he firigiat Hévistkareafe (mgnetic |ayer (110) and at a

second di stance (e 2) fromthe reference magnetic

| ayer (120), , a very thin layer (133, 134) of a

metlal 1A QO S RTSHIUAT V& mBterqng f ek ittant thatl Gr

t hose eonstiiddd iing die remai ndefedfeditad MAraediEg®

IaCy 131 ]]a%so as to create a potential well that
qng)éh ad" Rgsymetrical within the tunnel

barrler . Adewce accordlngto claim?2 ,

Cflaj'acAt %évZ_L JJ]:%:L t% Vc%ré/lﬁ rlln Arﬁyga{noyf( ]tﬁ?g of clflms

presents at IC ness or one to two ["ane
A tge i c e hadesttimig ad gl dihmtl Baichareset éttized dvwer (133,

t h@t4 ysaicd neRley dfian Iﬂaai@fla\(ll%létr@a?ﬁ@r%n@ dIUnEKNBSS go1d,
of fractl .on of a plane of atons.5 . A device

§itng Stid LR o e DIISIMFHEI to 4 , characterized

in that the second distance (e 2) presents a val ue

t hat |s |fferent fr at of the first dist e

1. et ooy 2 By, B ot D B TS,

clﬁraa@tomarze@d nn Hatatt e idenmtwdereddfattehd ayer comprises
ermdiat &.diaper (131, 132) conprises different

|ns ating or sem conductive materials on either side
of the very thin layer (133, 134) . 7 . A device

aCMOV o %ﬁl@é'a@dﬁrlibngcrt@' QA 2ed dny tHhat SRl Gf claims
etl? di a 130) acti ng as tunnel barrier

a1 gy utafin (g laver (133,
t m3c4J<)na$s mtdea offi rastnad:le&tlail’lC@e(leac)ta‘cT dmnorh e hstoariage

%Hﬁfﬁﬁuhﬁy%%n&%£9%l Egﬂ%{ 5 %g%ndiggﬁ%:gpeagﬁg)

i éf erence nHg [Ffayer (‘1 ‘'where the
séi@(m@n@ugt ance presents a value different fromthat
of the first distance (d ), the doped region (13 5 ,

136) bei ng .doped by inserting a material other than
SoRSFIHCH BFGORRENSerR AT oo of claims 1 to 14,

characterized in that the intermediate layer (130) acting
as a tunnel barrier presents a thickness lying in the

range 1 nm to 3 nm.

16. A device according to claim 7 or claim 8,

characterized in that the intermediate layer (130) acting
as a tunnel barrier presents thickness lying in the range
2 nm to 3 nm, and in that the doped region (136) presents

thickness lying in the range 0.5 nm to 1 nm.



the internediate |ayer (131, 132) so as to create in
the doped region a potential well that is localized

wepah7asysasret ri cal within the tunnel barrier. 8pCT/AP2006/067374
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devi ce according to claim 28, characterized in that

one of the first and second distances (e 1 e2) is zero
such that the doped region (13 6 ) is in contact wth

ore -of* (IfY itGRo SSREAINSE & Bdws BT i Flhais neditht end 16,

I Qﬁlﬁra(c];%lr)l 26 R ft@xdtef&feeﬁ%éﬁgﬂf«ﬂdﬁ‘e layesr (BB O )is

33%¥%%t23t stora eéﬂg etlc er Qé?o%%ﬁ?rﬁﬂfaﬂﬁt the
saio@edhtx@gmnh a(tléSSI L6 )( b&n@x)lm ma;aa‘\sha: tcumnel
f#%&)%ﬂﬂ$g5§%ﬁmﬁ.§{%§ﬁzéhég Aé%§¥1 (% 5% le é% Eﬂe of

rst rns or sem-conducti ve nH
artdlqorrr@s:@mai@ &gttt utsde ke s8l e rune 2)go lahd s;zfl\mr,

| @as3torARE:, SecMbdidver i3 f, asecond ddsul ating

orsem conductive material different fromsaid first
material and presenting a second thickness (e 2). 10.

AldBeViAC amea@t@rg];r @Eﬁ@;m@ i¢lpiam %rra%hafﬁﬁﬁe@r[dr%gd:élmé h?t
econ I, CKNEesSs resents a . v ue ren
PSRRI i e 1 IS B Gt S iy 1imes
t d 18y o icl nereinys beitgy I@],aI(HWG&UIZEH’d Zied tjhatt keatch
S%!ﬂmn@é%ﬁﬁﬁdk%ﬁﬁ%éf@ég’a(%%. QEEg”déy¥%éﬂ&H@dyiaé¥%¥ang

evi accor to claim and any one clai
t ¢ 06 anghangc todr |cj@dm5n It hat 19ai dmﬁerlyl ttiat leamy Mamsgtic

13y iice Made )of & RNl 3¢ esledify amsl U(@(ﬂsl%mand to

gold, silver, silicon, and germanium 13. devi ce
2O86r #oxg tidngny 19%d & tdrom nf@tf@@f@ﬂ@bﬁéﬁfa@tdéﬂtzléwal

I Buiitath sdicthdntt.er nedi ate | ayer conpri ses nmagnesi um

oxi de. 14. A device according to claim 13 and any one

of clains 2 to 6, characterized in that said very thin

I 'ciner A 1@Bori34)cdosdinde tof cdanat 618, alctselagttead Aacdonin  that

&O @o irslétsh ?qflhi\]u Eﬂeﬂtog&f/ %Jelims g"ﬁl %rl%dte%{ ’:ms' | 't‘?n%n

an nrum | cCe accor to any one of
cldatmiﬂ@S1Lom@11@rCélﬁaﬁe§@ﬂJéfﬁ 7 dELETe ﬁ\haHS e integarmdieacd bit

| ayele (1360 )se%@tm@g NaSethoryn Rl 1Rar He RAI@SeRS dine
t hickness | inthe raréaﬁél nmto 3 nm 16. A

devi%éd §E&& rléi‘lgnﬁl 6T M r- claim8 , characterized
in that the intermediate |ayer (130) acti ng as a

tunn barrier presents thlc ness Iy|n t he .rang
e T e
prigs @mes eplisc ikkhess Idymglsulwntalie an:amgée@t&memdomprls ing a

n EEJJ o FAPISVLES SR 4@ k0 AR¥HONE {fChRiBEy/ cel s
(100)’, each connected to one bit line (106) and to one
word line (108), where P and N are integers, and in that

each bit line (106) and each word line (108) serving
memory cells (100) other than the memory cells of the
outer layers is associated with memory cells (100)
belonging to two different adjacent layers (P;, P,,;).

21. A memory according to claim 18, characterized in that
it presents three-dimensional architecture comprising a
stack of P superposed lavers of N*N memory cells (100),
memory cells (100) of each layer (P;, P;,,) being

1



characterized in that the internediate |ayer (130) is
made of alum na or of nmagnesi um oxide, and in that the
wolome@4zsegi on (135, 136) conprises netallic orPCT/EP2006/067374

sem conduct or dopi ng el enmenps conprising at |east one

of the materials constituted by alum num gold,
silver, chromum ruthenium tantalum_  and silicon.
18115,&rﬁ’é'-ﬁ96'ﬁfi cohpt .%«%gila??%wlofa%%ﬁw% P and N
?dfgle@?a,bitee@f@ setcrofbihi tlméwec;l dé—p@elﬁﬁd’a@fN wwmbry

in 1 sai r ng characterized i
oS e ot T e A hEne 0 g PoojEory
acedrldi ng 0 aniythone cafe dvadbiddert<oi digl aathitddmatre
eei%he 92;5‘%!&% dfc‘g{agcﬁ 4r12Q) us\]llsa&‘}{g‘l%ﬁ&%ﬁoxoﬁ%ybéf (160) is
| mréqqmmaﬂgi At vesddl tumauma&weel@mmqgslwal

R L8 rl9131&§| (89 18, )char achenisaed hapnhatini tthe
conprises N*N nenory cell's dlstrlbuted in a

tﬁﬁ&“ﬁ%ﬁ§i&hﬁuﬁﬂ%ﬂﬁﬁﬁﬁn%ﬁﬁﬁr%mere N is an integer
each bit line (106) serving N nenory cells, and each
word line (108) serving N nenory cells. 20. A nenory
according to claim 18, characterized in that it
presents three-di nensional architecture conprising a
set of P superposed |ayers, each of N*N nenory cells
(100) , each connected to one bit line (106) and to
one word line (108), where P and N are integers, and
in that each bit line (106) and each word |ine (108)
serving nenory cells (100) other than the nenory cells
of the outer layers is associated with nmenory cells
(100) belonging to two different adjacent |ayers (P 1,
P1+1 ). 21. A nenory according to claim 18,
characterized in that it presents three-di nensiona
architecture conprising a stack of P superposed |ayers
of N*N menory cells (100) , nmenory cells (100) of each
| ayer (P1, P1+1 ) beingdistributed in a

t wo- di nensi onal architecture, P and N being integers,
each bit Iine (106) serving N nenory cells (100) and
each word line (108) serving N nmenory cells (100)

wi thin one two-di nensional architecture layer, and in
that an insulating separator |ayer (160) is interposed
bet ween two successive two-di nmensional architecture

| ayers (P, P1+1 ) in periodic manner in the stack of
P superposed | ayers.



