
NAPHTHYL DERIVATIVES INHIBITORS OF THE BETA-AMYLOID
AGGREGATION FIELD OF THE INVENTION The present
invention relates to new compounds useful in the
treatment of disorders characterised by deposits of
amyloid aggregates, as well as to the pharmaceutical
compounds containing the same together with
pharmaceutically acceptable excipients. BACKGROUND OF
THE INVENTION The presence of amyloid deposits and
changes in the neuronal cytoskeleton are among the
clearest signs of Alzheimer's disease (AD). These two
events, which involve mainly the cerebral cortex at an
early stage, even if the final pathological picture of
the disease involves the whole central nervous system,
are a necessary, even if not a sufficient, condition
for the onset of the disease (Chen M. (1998) Frontiers
in Bioscience 3a, 32-37). In general, irrespective of
the protein from which it is formed, the amyloid
substance has the characteristics of consisting of
fibres 7-8 nm in diameter, of having an affinity for
the Congo Red stain and of not being soluble in water.
In AD, the amyloid fibres accumulate outside the cell,
in the intracellular spaces of the brain and in the
tunica media of the cortical and meningeal arterioles,
producing three different macroscopic changes: senile
plaques and diffuse plaques, which can be
differentiated between in that there is the presence
or absence of a change in the neuronal processes
around the central amyloid deposit, and amyloid
angiopathy, which is the expression of the
infiltration of amyloid fibres in the wall of the
arteries, between the smooth muscle fibres and the
internal elastic lamina. Apart from the formation of
amyloid and helical filaments, a very serious synaptic
rarefaction has been found in the cortex of subjects
suffering from AD.Approximately 80%-90% of the
neuronal contacts are destroyed in the final stage of
the disease and this change is the real pathological
correlate of dementia. Analysing the progress of
dementia, it appears certain that amyloid is the early
and primary change in the disease and that the
intraneuronal helical filaments are the intermediate
expression of the damage to the neurons which,
ultimately, lose the synaptic contacts, with the
subsequent clinical effect of the deterioration in
mental functions. The soluble form of a particular
type of b-amyloid, bAi -42 , hitherto considered to be
toxic only in its aggregated form, is implicated in
the progressive loss of memory and of the cognitive
functions of Alzheimer's patients. bAi -42, produced
in the initial stage of the disease, suppresses the
activity of pyruvate dehydrogenase which promotes the
synthesis of ACh providing for the transportation of
acetyl-CoA, reducing the release of the
neurotransmitter, changing the synaptic connections
and causing the cholinergic deficits responsible for
the disease (Hoshi M., Takashima A., Murayama M.,
Yasutake K., Yoshida N., lshiguro K., Hoshino T.,
lmahori K. (1997) The Journal of Biological Chemistry
272:4, 2038-2041). It is known that a number of the
stains bind to the amyloid fibres in a 



specific way and the most important of these is Congo
Red (CR) (Lorenzo A. and Yankner B.A, 1994 PNAS 9 1;
12243-1 2247). This stain causes an increase in
birefringence of the amyloid fibres and produces a
characteristic circular dichroism indicative of a
specific interaction between the stain and the
substrate (the fibres) enabling diagnosis of
amyloidosis in the tissue.The protein b-amyloid (bA)
derives from the proteolytic action of a number of
enzymes which act specifically on the precursor of the
amyloid protein (bAPP) (Vassar R. et al. 1999 Science
286;735-740). There are many mechanisms by which the
b-amyloid fragment can induce neurotoxic effects. In
the first place immunohistochemical studies have
revealed the presence, in the senile plaques, of
inflammation interleukins (IL-1 , IL-6), complement
factors, other inflammatory factors and lysosomial
hydrolases. It has been demonstrated that the
b-amyloid protein is capable of stimulating the
synthesis and secretion of IL-1 , IL-6 and IL-8 by the
microglial cells and therefore of activating the
cytotoxic mechanisms of acute inflammation (Sabbagh
M.N., Galasko D., Thai J.L. (1997) Alzheimer's Disease
Review 3, 1-19). The presence of activated microglia
in postmortem Alzheimer disease specimens is used to
support the argument that inflammation contributes to
Alzheimer pathogenesis (Morgan D. et al, (2005) J.
Neuropathol Exp. Neurol 64(9):743-753) Diseases
characterised by deposits of amyloid aggregates
include, apart from Alzheimer's disease, Down's
syndrome, hereditary cerebral haemorrhage associated
with amyloidosis of the "Dutch type", amyloidosis
accompanied by chronic inflammation, amyloidosis
accompanied by multiple myeloma and other dyscrasias
of the haematic "B" lymphoid cells, amyloidosis
accompanied by type Il diabetes, amyloidosis
accompanied by prion diseases such as
Creutzfeldt-Jakob disease and Gerstmann-Straussler
syndrome, kuru and ovine scrapie. In general, however,
the damage caused by bA may be summarised as follows:
1. changes in amyloidogenesis;2. increase in the
vulnerability of neurons to excitotoxicity; 3.
increase in the vulnerability of the neurons to
hypoglycaemic damage; 4 . changes in the homeostasis
of calcium; 5. increase in damage by oxidation; 6.
activation of the inflammatory mechanisms; 7.
activation of the microglia; 8. induction of
lysosomial proteases; 9. changes in the
phosphorylation of the protein tau; 10. induction of
apoptosis; 11. damage to the membranes. From a purely
theoretical point of view, the reduction in the damage
caused by bA can be dealt with by different
therapeutic approaches: a) reducing the production of
bA using inhibitors of the secretases to change the
metabolism of the APP (increasing the a or reducing
the b and g secretases); b) preventing or blocking the
aggregation of the bA; 



c) increasing the clearance of the bA; d) blocking the
neurotoxic effects of bA restoring calcium
homeostasis; e) preventing the toxicity produced by
the free radicals; f) preventing excitotoxicity; g)
reducing the damage caused by the inflammatory
response; h) correcting the imbalance between zinc and
copper; i) inhibiting neuronal apoptosis (Sabbagh
M.N., Galasko D., Thai L.J.(2000) Alzheimer's Disease
Review 3-4, 231-59; Rogers J.Y. and Lahiri D.K. (2004)
Curr Drug Targets 6:535-551 ;Jacobsen J.S. (2002)
Curr. Top Med Chem (2002) 4:343-52; Dodel R.C. ,
Hampel H., Du Y. (2003) Lancet Neurol 4:215-20). To
date no specific therapy exists to prevent, slow down
or arrest the amyloidogenic process at the root of
Alzheimer's disease. Indeed the treatments currently
used for this disease are exclusively symptomatic and,
even if they act on various aspects, they
fundamentally only interfere with the neurotransmitter
mechanisms which govern learning and memory. The
substances mostly used include the reversible
inhibitors of acetylcholinesterase, such as tacrine,
donepezil and rivastigmine. Furthermore, the only
diagnostic tools currently available to diagnose
Alzheimer's disease are behavioural examinations and
clinical "scores", while, due to an absence of
suitable tracers, radiographic or scanning procedures
are not yet able to accurately distinguish between
degeneration of an Alzheimer's type and other
degenerative phenomena. The problems encountered in
treating Alzheimer's disease, the severity of this
disease and the difficulty of diagnosing it, make it
desirable to not only find new drugs which are able to
cure or slow down the progress of the disease but also
discover compounds to be used in radiographic and
scanning procedures capable of diagnosing it. The
Applicant had earlier discovered (WO02/00603) that
pamoic acid, or one of its derivatives, or one of its
analogues, or one of their pharmaceutically acceptable
salts, are effective in the treatment and in the
prevention of Alzheimer's disease and diseases
characterised by deposits of amyloid
aggregates.Published patent application US
2004/0229869 discloses and claims mercatophenyl
naphthyl methane compounds, which are said to be
potentially useful in the treatment of osteoporosis.
Published patent application US 2005/01 19225
discloses and claims Nsubstituted aniline and
diphenylamine analogs, which are said to be PDE4
inhibitors. Published patent application US
2004/0053890 relates to naphthalene derivatives whose
biological activity would be linked to the cannabinoid
receptor, thus potentially useful in the treatment of
pain and inflammation. These compounds are defined by
a general formula, according to which the naphthyl
group always brings two substituents in positions 1
and 4. Focussing on the synthesized compounds, those
in which the substituent in position 1 is NH, S or SO2
(see Table at page 6) in position 4 always present the
radical pentyl-oxy. 



German patent DE 343057 claims the synthesis of
1-arylamino-4- oxynaphthalines. Published patent
application US 2004/0132769 relates to phenylacetic
acid derivatives reported to have an activity as
selective COX-2 inhibitors. Moosmann et al. (see Biol.
Chem., 382., 1601-12, 2001) report the protective
activity of some aromatic amines and imines against
oxidative nerve cell death. According to this study
the compounds, which showed superior effects among
those tested in the antioxidant neuroprotection, were
iminostilbene, phenoxazine and phenothiazine and in
general imines were shown to be more potent than the
corresponding amines.The blood brain barrier crossing
always represents one the main problems for all the
compounds acting on the CNS. Therefore there is always
the need of discovering compounds that, while
maintaining or improving the efficacy in all the
in-vitro tests, are also able to cross the blood brain
barrier. DESCRIPTION OF THE INVENTION The Applicant
has now surprisingly found new compounds which are
effective in the treatment of the diseases referred
to. These compounds tested on animals have also shown
the capability to cross the blood brain barrier. These
results are reported in the section entitled Examples.
The Applicant has also found that some compounds,
whose structure and synthesis has already been
reported, show unexpectedly interesting
pharmacological activity in the same field. One of the
main objects of the present invention is the use of
the compounds of Formula (I) as follows, for the
preparation of pharmaceutical compounds useful in the
treatment of conditions characterised by deposits of
amyloid aggregates. where:R is selected from the group
consisting of H, OR3, COOR3, N(R3)2, NO2, halogen,
hydroxyalkyl Ci-C3; Ri and R2 are the same or
different and are selected from the group consisting
of H; OR3; COOR3; linear or branched, saturated or
unsaturated Ci-C 4 alkyl; N(R3)2; CrC 4 linear or
branched, saturated or unsaturated alkylthio; halogen;
and SO2N(R3)2; R3 is selected from the group
consisting of H; Ci-C 4 linear or branched alkyl;
PO3H2,- and PO3(CH3)2; A is selected from the group
consisting of NR4; S; and SO2; R4 is selected from the
group consisting of H; Ci-C 4 linear or branched
alkyl; Ci- C4 linear or branched alkanoyl; and B is a
phenyl or naphthyl group. According to independently
preferred embodiments of the invention A is NH, Ri is
H, R2 is selected from the group consisting of H,
COOH, COOCH3 and OH; and R is selected from the group
consisting of H, OH and OCH3. The following Table 1
lists some of the compounds, together with their
structural formula, whose use according to the
invention is preferred. Table 1ST2763 methyl
4-(1-naphthylamino)benzoate 



ST2764 4-(1-naphthylamino)benzoic acid COOH ST2177
4-(4-hydroxyanilino)-1-naphthol ST2176 4-anilino-1
-naphthol ST2757
2-[(2-hydroxy-1-naphthyl)amino]benzoic acid ST2756
(1-methoxy-2-naphthyl)phenylamine ST2173
4-methoxy-N-phenyl-1-naphthalenamine ST3499
1-methoxy-4-[(4-methoxyphenyl) sulfonyljnaphthalene
ST3500 4-[(4-hydroxyphenyl)sulfonyl]-1
-naphtholAnother object of the present invention are
the compounds of general Formula (I) (I) where: R is
selected from the group consisting of H, OR3, COOR3,
N(R3)2, NO2, halogen, hydroxyalkyl CrC 3; Ri and R2
are the same or different and are selected from the
group consisting of H; OR3; COOR3; linear or branched,
saturated or unsaturated Ci-C 4 alkyl; N(R3)2; CrC 4
linear or branched, saturated or unsaturated
alkylthio; halogen; and SO2N(R3)2; provided that Ri
and R2 are not both H or halogen; R3 is selected from
the group consisting of H; C1- C4 linear or branched
alkyl; PO3H2; and PO3(CH3)2; A is selected from the
group consisting of NR4; S; and SO2; R4 is selected
from the group consisting of H; Ci-C 4 linear or
branched alkyl; Ci- C4 linear or branched alkanoyl;
and B is a phenyl or naphthyl group, with the proviso
that: when A is NR4, Ri and R2 are not both OR3; and
with the exception of the following compounds:
4-methoxy-N-phenyl-1-naphthalenamine (ST2173),
1-hydroxy-N-phenylnaphthalen-2-aminium chloride
(ST2762),methyl 4-(1-naphthylamino)benzoate (ST2763),
4-(1-naphthylamino)benzoic acid (ST2764),
4-(4-hydroxyanilino)-1-naphthol (ST2177),
4-anilino-1-naphthol (ST2176),
2-[(2-hydroxy-1-naphthyl)amino]benzoic acid (ST2757),
( 1-methoxy-2-naphthyl)phenylamine (ST2756);
1-methoxy-4-[(4-methoxyphenyl)sulfonyl]naphthalene
(ST3499); and 4-[(4-hydroxyphenyl)sulfonyl]-1-naphthol
(ST3500). As a matter of fact the synthesis of all the
compounds listed here above has been mentioned in
previous publications, specifically as follows:
ST2756: Bowman, D. F.; Middleton, B. S.; Ingold, K. U.
Oxidation of amines with peroxy radicals. I .
N-phenyl-2-naphthylamine. Journal of Organic Chemistry
(1969), 34(1 1), 3456-61 ; ST2763: Seki, Mieko;
Yoneyama, Hiroto; Okuda, Daisuke; Hirose, Eiichi;
Ozaki, 



Tadayoshi; Agata, Takashi; Ishii, Tom; Mashimo,
Kiyokazu; Sato, Katsuhiro. Electric
charge-transportable polymers with high glass
transition temperature, good solvent solubility,
film-forming property and thermal stability. Jpn.
Kokai Tokkyo Koho (2003), 34 pp; ST2764: Wagner,
Eugene Ross; Allen, Bobbie Jewel; Renzi, Alfred Arthur
p- Aminobenzoic acids with hypolipemic action. Ger.
Offen. (1977), 13 pp; ST2757: Mehta, R. K.; Gupta, R.
K.; Singhi, V. C. Uranium(VI) complexes of some
tridentate Schiff bases. Israel Journal of Chemistry
(1971), 9(5), 589-91 and Ozha, D. D.; Mehta, R. K.
Stepwise formation and thermodynamic constantsof
europium, gadolinium, dysprosium and holmium complexes
of some tridentate Schiff bases. Transactions of the
SAEST (1979), 14(3), 141-4; ST2176: Hotta, Seiji; Ito,
Yukiaki; Hatori, Minoru. Fluoran derivatives. Jpn.
Kokai Tokkyo Koho (1975), 18 pp; and Yuan, Xin-hua;
Xu, Hong-xing; Ni, Zhong-hai; Zhang, Li-fang;
Wei-Xian-yong. Study on the reaction of aromatics
containing active hydrogen atom with nitrobenzene
catalyzed by aluminum trichloride. Ranliao Huaxue
Xuebao (2004), 32(1), 104-108; ST2173: Justus Liebigs
Ann. Chem. (1925) 443, 222; ST2762:
Bull.soc.chim.(1925), 37, 890-901 ; ST3499: US4996279
-US4960912; and ST3500: US4996279-US4960912. The
present invention also comprises tautomers,
geometrical isomers, optically active forms as
enantiomers, diastereomers and racemate forms, as well
as pharmaceutically acceptable salts of the compounds
of Formula (I). Preferred pharmaceutically acceptable
salts of the Formula (I) are acid addition salts
formed with pharmaceutically acceptable acids like
hydrochloride, hydrobromide, sulfate or bisulfate,
phosphate or hydrogen phosphate, acetate, benzoate,
succinate, fumarate, maleate, lactate, citrate,
tartrate, gluconate, methanesulfonate,
benzenesulfonate, andpara-toluenesulfonate salts.
According to independently preferred embodiments of
the invention: A is NH, R is selected between OH and
OCH3 and/or is present on the naphthyl group in ortho
position with respect to A, Ri is selected among OCH3,
COOCH3, H, COOH and R2 is selected among H, I, OH and
OCH3.Within the framework of the present invention,
examples of linear or branched C1-C4 alkyl group, are
understood to include methyl, ethyl, propyl, butyl,
and their possible isomers, such as, for example,
isopropyl, isobutyl and ter-butyl. The following Table
2 lists some of the most preferred compounds according
to the invention together with their structural
formula. Table 2 ID No. Name Structure ST2759 methyl
2-[(2-hydroxy-1 -naphthyl)amino]benzoate ST2760 methyl
2-[(2-methoxy-1 -naphthyl)amino]benzoate ST1972
4-[(4-methoxy-1 -naphthyl)amino]benzoic acid ST1973
4-[(4-hydroxy-1-naphthyl)amino]benzoic acid ST2878
N-(5-iodo-2-methoxyphenyI)-N-(4-methoxy-1-
naphthyl)amine ST2879 N-(4-methoxy-1 -naphthyl)-N-(2- 



methoxyphenyl)amineA MAGNETORESISTIVE TUMNEL JUNCTION
MAGNETIC DEVICE AND ITS APPLICATION TO MRAM The
present invention relates to a magnetoresistive tunnel
junction magnetic device and to its application to
magnetic random access memory (MRAM) . Random access
or read/write magnetic memory combines the advantages
of various types of existing semiconductor memory,
namely: dynamic random access memory (DRAM) that is
comparatively dense and fast but volatile, i.e. does
not conserve stored information on being switched off;
static random access memory (SRAM) that is
comparatively very fast, but occupies a large amount
of space and is also volatile; and FLASH memory that
is non-volatile and comparatively dense, but very slow
to write. MRAM first seeks to constitute a universal
memory suitable for use for example in computers where
the advantage of non-volatility can be of use, making
it possible, when switching off the computer, to avoid
any need to proceed with systemic backing up of
software and data onto hard disk. Nevertheless, it is
still necessary to make progress in the provision of
MRAM in order to satisfy requirements that are
increasing in terms of information storage, in terms
of speed, in terms of density, and in terms of cost
per bit. Figure l is a diagram of an individual MRAM
cell . Such an individual cell comprises a
magnetoresistive tunnel junction 2 made up of two
magnetic layers 3a and 3c spaced apart by an
intermediate layer 3b. The magnetic layers comprise a
storage layer 3a and a reference layer 3c. The
intermediate layer 3b is generally a layer of an oxide
constituting the tunnel barrier. Information is stored
in the form of the direction of magnetization of the
storage layer 3a, the memory cellpresenting lower
electrical resistance when the reference layer 3c and
the storage layer 3a are magnetized in parallel, and
higher electrical resistance when the magnetization in
the two layers is antiparallel . MRAM is generally
implemented in a matrix configuration, where each
individual cell 2 is at the intersection of at least
two conductor lines comprising a 



conductor line 6 referred to as the "bit" line, and a
conductor line 8 referred to as the "word" line. It is
possible to address the individual memory cell using
one bit line 6 and one word line 8 in order to read
its information (see Figure 1 ) . The configuration
shown in Figure 1 provides numerous advantages.
Nevertheless, it is necessary to ensure that current
does not follow any of the numerous alternative paths
going through cells adjacent to the cell selected at
the intersection of the selected word line and bit
line. To remedy that problem, proposals have already
been made to insert a diode 1 in series with each
memory cell 2 (see Figures 2 and 3 ) . Figure 2 shows
an example of reading a cell 2a of that type. The
arrows identify the bit line 6 and the word line 8
along which a current travels, thereby addressing the
cell 2a that is to be read. Figure 3 shows an example
of writing a "1" in a cell 2b of that type, and of
writing a "0" in another cell 2c of the same type. In
the example of Figure 3 , the two cells 2a and 2b lie
on the same word line 8 and correspond to two
different bit lines 6 . In Figure 3 , the arrows
represent the directions of current flow in the bit
and word lines . It can be seen that the current flow
directions are different in the bit lines 6 for
writing a "1" in the cell 2b and for writing a "0" in
the cell 2c.Figures 4 and 5 show another prior art
embodiment for remedying the above-mentioned problem
of current flowing along numerous alternative paths.
In the prior art embodiment of Figures 4 and 5 , a
transistor 4 is inserted in series with each memory
cell 2 . An embodiment of that type is described by
way of example in patent document WO 03/043017 A2 .
The junction 2 is thus placed between a switch
transistor 4 and a current feed line 6 forming a top
conductor line or bit line. A current Il traveling
therealong and represented by an arrow produces a
first magnetic field 7 , likewise represented by an
arrow. A conductor 8 forming a bottom line or word
line orthogonal to the current feed line 6 serves to
produce a second magnetic field 9 by causing a current
12 to flow therealong. The current 12 and the magnetic
field 9 are 



likewise represented by arrows. In "write" mode
(Figure 4 ) , the transistor 4 is placed in blocked
mode and no current flows through the transistor.
Current pulses are caused to flow in the current feed
line 6 and in the conductor 8 . The junction 2 is thus
subjected to two orthogonal magnetic fields. One of
them is applied along the difficult magnetization axis
of the free layer 3a in order to reduce its reversal
field, while the other field is applied along its easy
axis in order to reverse its magnetization and thus
write the memory point . In principle, only the memory
point located at the intersection of the two lines 6
and 8 is liable to reverse, since each magnetic field
when taken individually is not large enough to cause
the magnetization to change over. In "read" (Figure 5
) , the transistor 4 is placed under saturated
conditions (i.e. the current flowing through the
transistor is at a maximum) by sending a positive
current pulse of suitable amplitude to the grid of the
transistor. The current 13 sent into the line 6and
likewise represented by an arrow flows solely through
the memory point having its transistor placed in
saturated mode. This current 13 serves to measure the
resistance of the junction at this memory point. By
comparison with a reference memory point the state
("0" or "1") of the memory point can thus be
determined: it is then known whether the storage layer
3a is magnetized parallel or antiparallel to the
magnetization of the reference layer 3c. The
above-described solutions present the drawback of a
certain amount of technological complexity because of
the need to integrate CMOS technology (for making
diodes or transistors) and magnetic technology (for
the individual memory cells). Furthermore, those
structures do not make it easy to integrate a
plurality of levels of MRAM in order to build up a
three-dimensional memory structure. Including a
transistor (which itself requires three electrical
connections) beside each magnetic memory cell
constitutes a limiting factor because of the area
required, thereby preventing very high densities being
reached. 



Another solution has also been proposed that relies on
inserting a double tunnel junction referred to as
metal - insulation - metal - insulation - metal or
MIMIM in series with the magnetic tunnel junction in
an attempt to integrate a diode function within the
magnetic element itself rather than implementing the
diode function by using CMOS technology. Such work is
inspired by the article by Tiusan et al., published in
Appl . Phys . Lett. 79, 4231 (2001) in which it is
demonstrated that in a variety of configurations such
double tunnel junctions can present an electrical
response that is highly asymmetrical with respect to
the sign of the applied voltage, the response being
comparable to that of a diode. The double
tunneljunction element and elements that operate in
similar manner are thus referred to as tunnel diodes .
Unlike the two solutions described further above, that
solution has the advantage of not associating
semiconductors, metals, and oxides, thus making it
easier to implement. By avoiding inserting components
having three electrical junctions, such as
transistors, it also makes it possible to achieve
higher-density integration by reducing the area
occupied by each individual memory cell. That solution
is described in certain configurations in patent
document US 2005/0083760 Al. A variant of the
preceding solution consists in making a tunnel barrier
constituted by two different materials, i.e. a metal -
insulation 1 - insulation 2 - metal structure that can
also present the desired asymmetry (diode function) .
Nevertheless, the stack integrating the tunnel
junction remains very complex (having two or three
tunnel junctions in series). Furthermore, the voltage
of the intermediate layer between the MIMIM diode and
the magnetic tunnel junction is floating and difficult
to control because of the non-linear response of the
set of junctions to applied voltage. Finally, the
electrical resistivity of a plurality of tunnel
junctions connected in series is necessarily high,
thereby limiting the current that can be used and
making it more difficult to implement particular
technical solutions, such as, for example:
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; andwriting by injecting polarized
current, where spin-polarized current is injected from
a ferromagnetic electrode, which may be the reference
layer, towards the storage layer, so as to assist in
or give rise to reversal of its magnetization. That
solution and its advantages are also described in
patent document US 2005/0002228 Al. An object of the
present invention is to remedy the above-specified
drawbacks, in particular to avoid the drawbacks of
implementing transistors, diodes, or tunnel diodes in
association with individual memory cells of the
magnetic type. Another object of the invention is to
provide a configuration for a magnetic device that
presents the best possible potential in terms of
reducing memory cell size and enabling such a memory
cell to be implemented easily in two-dimensional or
three-dimensional architectures . These objects are
achieved by a magnetic device comprising a
magnetoresistive tunnel junction, itself comprising: a
reference magnetic layer having magnetization in a
direction that is fixed; a storage magnetic layer
having magnetization in a direction that is variable;
and an intermediate layer acting as a tunnel barrier
that is essentially semiconductor or electrically
insulating and that separates the reference magnetic
layer from the storage magnetic layer; the device
being characterized in that the potential profile of
the intermediate layer is asymmetrical across the
thickness of said layer so as to produce a current
response that is asymmetrical as a function of the
applied voltage. It should be observed that the device
of the invention is constituted by mutually parallel
layers defining planes. The term "thickness of the
intermediatelayer" thus designates the linear
dimension that is perpendicular to those planes . 



In a first possible embodiment, the intermediate layer
acting as a tunnel barrier includes in its thickness,
at a first distance from the storage magnetic layer
and at a second distance from the reference magnetic
layer, a very thin layer of a metallic or
semiconductive material other than the material (s)
constituting the remainder of the intermediate layer
so as to create a potential well that is localized and
asymmetrical within the tunnel barrier. The very thin
layer may present a thickness of one to two planes of
atoms, or even a thickness that constitutes a fraction
of a plane of atoms. The second distance may present a
value that is different from that of the first
distance. According to a particular characteristic,
the remainder of the intermediate layer comprises
different insulating or semiconductive materials on
either side of the very thin layer. By way of example,
the intermediate layer may comprise alumina. Under
such circumstances, and advantageously, the very thin
layer may be made of a material selected from
aluminum, gold, silver, silicon, and germanium. 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 layer and at a
second distance from the reference magnetic layer,
where the second distance presents a value different
from that of the firstdistance, the doped region being
doped by inserting a material other than that
constituting the remainder o f the intermediate layer
so as to create in the doped region a potential well
that is localized and asymmetrical within the tunnel
barrier. Under such circumstances, in a particular
embodiment, one o f the first and second distances is
zero, such that the doped region is in contact with
one o f the two outer interfaces o f said intermediate
layer 



with the reference magnetic layer and with the storage
magne tic 1ay er . By way o f example, the
intermediate layer acting as the tunnel barrier
presents a thickness lying in the range 2 nanometers
(nm) to 3 run, and the doped region presents a
thickness lying in the range 0.5 nm to 1 nm.
Advantageously, the intermediate layer is made o f
alumina or o f magnesium oxide, and the doped region
comprises metallic or semiconductor doping elements
comprising a t least one o f the materials constituted
by aluminum, gold, silver, chromium, ruthenium,
tantalum, and silicon. In yet another possible
embodiment, said intermediate layer acting as a tunnel
barrier comprises a stack o f a t least a first layer
o f a first insulating or semi conductive material and
presenting a first thickness, and o f a t least one
second layer o f a second insulating or semi
conductive material different from said first material
and presenting a second thickness . Under such
circumstances, in a particular embodiment, the second
thickness may present a value that is different from
that o f the first thickness. According to an
advantageous characteristic, the intermediate layer
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 o f memory cells
addressable by a set o f bit lines and o f word lines,
said memory being characterized inthat each memory
cell comprises a magnetic device of the above type,
and in that each magnetic device is connected to one
bit line and to one word line without interposing any
additional switch element. The memory of the invention
may comprise N*N memory cells distributed in a
two-dimensional architecture, where N is an integer,
each bit line serving N memory cells, and each word
line serving N memory cells. In another embodiment,
the memory presents threedimensional architecture
comprising a set of P superposed layers, each of N*N
memory cells, each connected to one bit line and to
one word line, where P and N are integers, and each
bit line and each word line serving memory cells other
than the memory cells of the outer layers is
associated with memory cells belonging to two
different adjacent layers. 



In yet another embodiment, the memory presents
three-dimensional architecture comprising a stack of P
superposed layers of N*N memory cells, memory cells of
each layer being distributed in a two-dimensional
architecture, P and N being integers, each bit line
serving N memory cells and each word line serving N
memory cells within one two-dimensional architecture
layer, and an insulating separator layer is interposed
between two successive two-dimensional architecture
layers in periodic manner in the stack of P superposed
layers . Other characteristics and advantages of the
invention appear from the following description of
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 write functions respectively of a
prior art magnetic tunnel junction associated with a
diode;Figures 4 and 5 are diagrams respectively
showing the read and write functions of a prior art
magnetic tunnel junction associated with a transistor;
Figures 6 and 7 are diagrammatic section views of two
variant embodiments of a first example of a tunnel
junction memory cell of the invention; Figures 8 and 9
are diagrams showing the potential seen by electrons
within the intermediate layer of the tunnel junction
of Figure 6 or of Figure 7 , as a function of the
direction of the applied voltage; Figures 10 and 11
are diagrammatic section views showing two variant
embodiments of a second embodiment of a tunnel
junction memory cell of the invention; Figure 12 is a
diagrammatic section view of a third example of a
tunnel junction memory cell of the invention,- Figure
13 is a diagram showing the read function of a tunnel
junction memory cell of the invention; Figures 14 to
16 are diagrams showing the write function of a tunnel
junction memory cell of the invention, in three
possible variant embodiments, for the particular
circumstance of a memory cell implementing a
thermally-assisted write process; Figures 17 and 18
are diagrammatic section and 



perspective views of a two-dimensional memory
implementing the invention; and Figures 19 and 20 are
diagrammatic section views 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 12 0 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 thatseparates the reference magnetic
layer 120 from the storage magnetic layer 120.
According to the invention, the intermediate layer 130
acting as a tunnel barrier presents asymmetry in the
potential profile across the thickness of said layer
130 so as to produce a current response that is
asymmetrical relative to the direction in which
voltage is applied. In this way, the memory cell
addressed at the intersection of the selected word
line and bit line is itself selected by virtue of the
great reduction in undesirable currents flowing
through other memory cells. The asymmetrical response
of current to voltage can be obtained using various
embodiments, that can be combined with one another,
and that are all characterized by obtaining a
potential profile that is asymmetrical across the
thickness of the intermediate layer 130 that acts as a
tunnel barrier, which intermediate layer 130 can
itself be made up of a set of layers. In a first
possible embodiment, the asymmetry of the potential
profile across the thickness of this intermediate
layer 130 is obtained by inserting a very thin layer
within the intermediate layer 130 that acts as the
tunnel barrier, which very thin layer is made of a
metallic or semiconductive material other than the
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 intermediatelayer 130, in
such a manner that the very thin layer 133, 134 is
closer to one of the two outside interfaces of said
intermediate layer 130. Thus, by way of example,
Figures 6 and 7 show that the thickness e of the
portion 131 of the intermediate layer 130 situated
between the very thin layer 133, 134 and the storage
magnetic layer 110 is greater than the thickness e2 of
the portion 132 of the intermediate layer 130 situated
between the very thin layer 133, 134 and the reference
magnetic layer 120. Figures 8 and 9 are diagrams
showing the energy seen by electrons on passing
through the intermediate layer 130 as a function of
the direction of the voltage applied to the terminals
of said intermediate layer 130. When a positive
voltage V is applied between the storage layer (level
52) and the reference layer (level 53), the potential
50 seen by the electrons presents a potential well 51
at the insert 133, 134 situated in the intermediate
layer 13 0 at distances e and e2 from the interfaces
of the intermediate layer respectively with the
storage layer 52 and the reference layer 53. Figure 8
shows the height h of the tunnel barrier. The
potential well 51 associated with the insert 133, 134
enables the width of the barrier as seen by the
electrons passing through the intermediate layer 130
effectively to be reduced. 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 13 0 situated on either
side of the very thin layer 133, 134 can be made of
different insulating or semi conductive materials .In
one possible embodiment, shown in Figures 10 and 11,
the asymmetry of the potential profile across the
thickness of the intermediate layer 130 acting as the 



tunnel barrier is achieved by creating a doped region
within said layer 130 at a distance e from the storage
magnetic layer 110 and at a distance e2 (different
from e ) from the reference magnetic layer 120. The
region is doped by inserting a material that is
different from that constituting the remainder of the
intermediate layer 13 0 , said doping being
implemented so as to create within the doped region a
potential well that is localized and asymmetrical
within the tunnel barrier. A doped region 135 is thus
inserted within the intermediate layer 130 of very low
conductivity by inserting a material other than that
constituting the other portions 131, 132 of the
intermediate layer, leading to a local modification of
potential within the doped region (Figure 10) . The
doped region 135 is positioned asymmetrically within
the thickness of the intermediate layer 13 0 , i.e. it
is not situated at the middle thereof, and it is
closer to one of the two outer interfaces of the
intermediate layer. In the example of Figure 10, the
doped region 135 is thus closer to the reference
magnetic layer 120 than to the storage magnetic layer
110. One of the distances e and e2 could even be zero,
such that the doped region is in contact with one of
the two outer interfaces of the intermediate layer 13
0 . 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 afirst insulating or semi
conductive material presenting a thickness e , and at
least one second layer 137 of a second insulating or
semiconductive material different from the first
material and presenting a thickness e2 that is
preferably different from the thickness e , thereby
forming a potential profile within the intermediate
layer 130 that is asymmetrical. A magnetic tunnel
junction of the invention can advantageously be made
by a deposition process such as cathode sputtering or
molecular beam epitaxy. 



The storage and reference magnetic layers 110 and 120
can be made using techniques that are now well known
to the person skilled in the art. Thus, for example,
the reference magnetic layer 120 can be constituted by
a stack comprising an antif erromagnetic layer, e.g.
of IrMn, and a ferromagnetic layer, e.g. of CoFe alloy
when planar magnetization is desired, or an FePt alloy
when perpendicular magnetization is desired. By
annealing under an external magnetic field to above
the temperature constituting the blocking temperature
of the antif erromagnetic layer, it is possible to
induce an exchange field between the ferromagnetic and
antif erromagnetic layers. For planar magnetization,
the storage layer 110 is made for example out of FeNi
alloy, while for perpendicular magnetization, 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 Al2O3), and magnesium oxide (MgO) . The
thickness of the intermediate layer 13 0 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 thickness, 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.g.by means of an electron beam, or
by cathode sputtering, likewise using a magnesium
oxide target. In the embodiment shown in Figures 6 and
7 , the material constituting the insert 133, 134 is
advantageously selected, for example, for an alumina
intermediate layer 13 0 from metals or semiconductors
such as aluminum, gold, silver, silicon, and
germanium. In the special circumstance of using
aluminum, a particular fabrication technique consists
in deposition of a first layer of aluminum, followed
by oxidation, so as to constitute the bottom portion
of the intermediate layer, followed by deposition of a
second layer of aluminum with oxidation in part only
in order to constitute the top portion 131 of the
intermediate layer 130 and the insert 133, 134 which
is then constituted by the non-oxidized fraction of
the second layer of aluminum. In the general
circumstance of a material other than aluminum, the 



intermediate layer 130 including the insert 133, 134
is made merely by deposing a first layer 132 of
barrierforming material, depositing the insert 133,
134, and then depositing the second layer of barrier-
forming material . When the intermediate layer 13 0 is
made of magnesium oxide, the material constituting the
insert 133, 134 may advantageously be selected, for
example, from semiconductor metals such as chromium,
ruthenium, tantalum, gold or silver, silicon, 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 e2 of the two layers 131, 132 on either side of
the layer 133, 134 when making up the intermediate
layer 130.In the embodiment shown in Figures 10 and
11, the doped region 135, 13 6 within the intermediate
layer 130 o f low conductivity is advantageously made
by codeposition o f the material (s) constituting said
intermediate layer 130 (as a majority fraction)
together with the doping element (as a smaller
fraction) . By way o f example, the materials
constituting the lowconductivity intermediate layer 13
0 may b e aluminum or magnesium oxide, and the doping
elements may b e metals or semiconductors such as
aluminum, gold, silver, chromium, ruthenium, tantalum,
or silicon. The thickness o f the low-conductivity
intermediate layer 13 0 can advantageously lie in the
range 2 nm to 3 run, having a doped region o f
thickness that lies advantageously in the range 0.5 nm
to 1 nm. In the embodiment shown in Figure 12, the
lowconductivity intermediate layer 13 0 can b e made
by stacking two layers 131, 137 o f insulating or
poorly conductive materials (insulation 1 , insulation
2), with possibly different thicknesses e1 # e2 so as
to create a potential profile that is asymmetrical
across the thickness o f the low-conductivity
intermediate layer 130. By way o f example, the
material used to form the two layers 131, 137 may b e
selected from magnesium oxide, 



silica, alumina, and titanium oxide. In the context o
f the invention, the writing and reading o f
information can rely on processes that are well
established and known to the person skilled in the
art. The bit line 106 and the word line 108 (see
Figure 13) are advantageously made o f copper, for
example . Reading can b e performed, for example, by
determining the level o f the electrical resistivity o
f the magnetic tunnel junction 13 0 which is
comparatively high with antiparallel magnetizations o
f the reference layer 12 0 and the storage layer 110,
and comparatively low with parallel magnetizations o f
the reference layer120 and of the storage layer 110.
For this purpose, a potential difference is applied
between the word line 108 and the bit line 106
addressing the selected junction 130, and the current
symbolized by a dashed line 205 in Figure 13 is
measured. For planar magnetization of the storage
layer 110, writing can be performed, for example, by
combining magnetic fields created by simultaneous
injection of current pulses into the word line 108 and
the bit line 106 that address the memory cell 100 in
question. The vector sum of the two magnetic fields as
created in this way is selected to be greater than the
coercitive field of the storage layer 110, whereas
each of the two magnetic fields considered in
isolation is less than the coercitive field of the
storage layer 110. With a storage layer 110 having
perpendicular magnetization, writing can be performed,
for example, by simultaneously applying current pulses
in all or some of the words lines 108 and the bit
lines 106 that are adjacent to the memory cell 100 in
question. The vector sum of the two to four magnetic
fields as created in this way is selected to be
greater than the coercitive field of the storage layer
110, whereas each of the magnetic fields considered in
isolation is less than the coercitive field of the
storage layer 110. Nevertheless, it should be observed
that when more than two lines are used for creating
the desired magnetic field, combining two of the
magnetic fields as created must also produce a 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.As mentioned above, patent document
US 2005/002228 Al describes in the context of MRAM, a
thermally-assisted write process (TAS) in which the
free magnetic layer of the addressed tunnel junction
is advantageously heated by an electric current
injected through the tunnel junction so as to decrease
its coercitive field. Memory cells of the present
invention can advantageously be implemented with such
a TAS process . Figures 14 to 16 show examples of
memory cells 100 of the invention associated with bit
lines 106 and word lines 108, with which a
thermally-assisted write process is implemented
(Figures 14 and 15) or with which a write process by
injecting a spin-polarized current towards the storage
layer (Figure 16) is implemented. Briefly, to write a
memory point, the memory cell 100, or at least the
storage layer 110, is heated to above the blocking
temperature of the storage layer but below the
blocking temperature of the reference layer 120 by
sending a pulse through the memory cell 100. The
purpose of this step is to facilitate the write
operation proper which is then performed either by
applying a magnetic field by passing current along
suitably located lines (depending on whether the
magnetizations are perpendicular to (Figure 14) or
parallel with (Figure 15) the planes of the layers),
or by injecting current (Figure 16) using the method
described in patent document US 2002/0105823 Al. The
blocking temperatures correspond 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 ofjunctions. In that
configuration, each write to a memory cell requires
its associated transistor to be switched into the ON
state by applying a voltage, thereby 



consuming energy, while the other transistors
associated with the other memory cells remain in an
OFF state. The invention makes it possible to omit
this transistor by means of the diode effect that is
intrinsic to the junction itself: since current can
flow only from the reference layer 120 towards the
storage layer 110 (since electrons can flow only from
the storage layer 110 towards the reference layer
120), the problem of interfering parallel paths via
adjacent cells (electrical path in reading and writing
and also thermal paths in writing when using the TAS
process), and well known to the person skilled in the
art, is completely eliminated. In addition to
providing increased selectivity, this also provides
substantial savings in terms of the current density
used, since losses are greatly reduced. Figure 14
relates to memory cells 100 having perpendicular
magnetization. In Figure 14, arrows F represent the
current flow direction in the bit lines 106 and in the
word lines 108. By way of simplified example, Figure
14 shows three bit lines 106 referred to as line Bl,
line B2 , line B3 , and three word lines 108, referred
to as line Wl, line W2 , line W 3 . The loops 206, 208
with arrows represent the directions of the magnetic
fields created by current flowing in the bit lines 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
arrayof cells . The same operation can be performed on
the conductor lines Wl and W3 so that the four
magnetic fields are all directed in the same direction
at the storage layer and are directed perpendicularly
thereto. In Figure 15, arrows F represent the
directions in which currents are applied in the
conductor lines Bl, B3 , Wl, and W3 in order to apply
a magnetic field 201 that is perpendicular and
directed "upwards" (where passing current in the
opposite direction would lead to a magnetic field
being created that is directed 



"downwards"). Each field taken separately is less than
the reversal field of the storage layer, thus
preventing untimely reversal of the adjacent magnetic
tunnel junctions. In addition, since each individual
field is only one- fourth of the total field, the
current "i" in each line needed for creating it is
divided by four relative to the current "I" that would
be necessary if only one line were used. In terms of
power consumption: p totai = 4*Ri 2 = 4*R(I/4) 2 = R
I2/4 the saving is thus by a factor of 4 (R
representing the electrical resistance of a conductor
line) . For memory cells with planar magnetization,
the write operation can be performed as shown in
Figure 15, by applying a local magnetic field
represented by an arrow 202 at the storage layer. The
memory cells in Figure 15 can be arranged in the
geometrical plane in the same 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 .Figure 16,
still in the context of memory cells with planar
magnetization, shows another example of the write
operation. In Figure 16, the write operation is
performed by injecting current that leads to movement
in precession of the magnetization of the storage
layer. To use this method as described in patent
document US 2002/0105823 Al, it is necessary to insert
a magnetic device 140 acting as an electron polarizer
having magnetization perpendicular to that of the
storage layer 110. The direction of magnetization of
this polarizer 140 may either be perpendicular to the
plane of the thin layer constituted by said polarizer,
or else planar, in which case it has a direction of
magnetization that is perpendicular to the
magnetization of the storage layer (or that presents
an angle that is close to perpendicular) . The
polarizer 140 is placed between the top copper line
and the storage layer, as described in 



patent document US 2002/0105823 Al. In addition, it is
necessary to insert a separator layer 150 between the
polarizer 140 and the storage layer 100. This
separator layer 150 may be constituted either by a
non-magnetic metal (or a plurality of metals) , or
else by an insulating layer. The current I passes
through the memory cell from the line W2 towards the
line B2 (dashed line 204) corresponding to electrons
being injected from the perpendicular polarizer 140
towards the storage layer 110. This configuration is
thus indeed 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.Figure 17
is a section view of a two-dimensional architecture
for a memory that comprises N*N memory elements 100
made in accordance with the invention, where N is an
integer. A bit line 106 thus serves N memory elements
100. Each word line 108 also provides a connection to
N memory elements 100. Figure 18 is a diagrammatic
perspective view showing such a two-dimensional
architecture, and by way of illustration and in
simplified form, the number N is reduced to three for
the bit lines Bl, B2, B3 and for the words lines Wl,
W2 , W3 . To read the information recorded on a memory
element, a potential difference is applied between a
bit line and a word line that intersects at the memory
element for reading. Thus, in the example of Figure
18, a potential difference is applied between the
lines B2 and W2 and the read current It is read to
determine the value of the stored information ("0" or
"1"). Reading information at a memory point depends on
the relative orientations of the magnetizations in the
ferromagnetic layers used as the reference layer and
as the storage layer. With planar magnetization, it is
possible to use the conventional method that is well
known to the person 



skilled in the art and that is described above with
reference to Figures 2 to 5 . With perpendicular
magnetization, use is made of a combination of current
pulses Ic traveling along the word lines and the bit
lines that are adjacent to those connected to the
memory cell in question (lines Bl, 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 linesmakes it
possible to avoid involuntary writing of information
in any other memory cell . The present invention is
compatible with conventional methods of reading
information from MRAMs . Since the asymmetrical
electrical conduction is associated with the tunnel
barrier within the memory cell, the invention makes it
possible to omit implementing a transistor or other
elements for guaranteeing the desired selectivity in
writing and reading that would otherwise need to be
connected in series with the memory cell (or with a
group of memory cells) . The invention thus makes it
possible to use conventional methods in advantageous
manner and to obtain higher storage densities. As
mentioned above, this organization of the memory and
implementation of the invention are also compatible
with writing that is thermally assisted or writing by
injecting spin-polarized current into the storage
layer. The invention enables these methods to be
implemented in advantageous manner while enabling
greater storage densities to be achieved. Figure 19
shows an example of an application of the invention to
three-dimensional architecture, in which the word
lines 108 and the bit lines 106 are used by two memory
layers, thereby saving space and facilitating
integration. Thus, the three-dimensional architecture
of Figure 19 comprises a set of P superposed layers
each 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 P1+1 . Figure 20
shows a three-dimensional architecture that is
obtained by stacking two-dimensionalarchitectures and
inserting insulating separator layers 160. Under such
circumstances, the word lines and/or the bit lines are
no longer common between the different planes of
memory cells in the three-dimensional memory. More
particularly, the three-dimensional architecture of
Figure 20 comprises a stack of P superposed layers
each having N*N memory cells 100, with the memory
cells 100 in each layer P1, P1+1 being distributed in
a two-dimensional configuration, P and N being
integers. Each bit line 106 serves N memory cells 100
and each word line 108 serves N memory cells 100
within one of the two-dimensional layers. An
insulating separator layer 160 is interposed between
two successive two-dimensional layers P1, P1+1 in
periodic manner in the stack of P superposed layers.
This technique enables fabrication technology to be
simplified without loss of density, and makes it
possible to perform replanarization prior to growing
memory layer (n+1) after making memory layer (n) and
the insulating separator layer. In a variant of the
invention, the insulating separator layers can be
inserted periodically in the structure, but not after
each memory layer (e.g. once every j _ planes, where j
_ is an integer) . This variant of the invention seeks
to correct growth defects that can occur when
successively stacking more than j_ 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.CLAIMS 1 . A magnetic device
comprising a magnetoresistive tunnel junction (100),
itself comprising: a reference magnetic layer (120)
having magnetization in a direction that is fixed; a
storage magnetic layer (110) having 



magnetization in a direction that is variable; and an
intermediate layer (13 0 ) acting as a tunnel barrier
that is essentially semiconductor or electrically
insulating and that separates the reference magnetic
layer (120) from the storage magnetic layer (110); the
device being characterized in that the potential
profile of the intermediate layer (13 0 ) is
asymmetrical across the thickness of said layer (13 0
) so as to produce a current response that is
asymmetrical as a function of the applied voltage. 2 .
A device according to claim 1 , characterized in that
the intermediate layer (13 0 ) acting as a tunnel
barrier includes in its thickness, at a first distance
(e ) from the storage magnetic layer (110) and at a
second distance (e 2) from the reference magnetic
layer (120) , a very thin layer (133, 134) of a
metallic or semiconductive material other than that or
those constituting the remainder of the intermediate
layer (131, 132) so as to create a potential well that
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 layer (134) presents a thickness
of a fraction of a plane of atoms.5 . A device
according to any one of claims 2 to 4 , characterized
in that the second distance (e 2) presents a value
that is different from that of the first distance e1)
. 6 . A device according to any one of claims 2 to 5 ,
characterized in that the remainder of the
intermediate layer (131, 132) comprises different
insulating or semiconductive materials on either side
of the very thin layer (133, 134) . 7 . A device
according to claim 1 , characterized in that said
intermediate layer (130) acting as a tunnel barrier
includes a doped region (135, 136) within its
thickness at a first distance (e ) from the storage
magnetic layer (110) and at a second distance (e2)
from the reference magnetic layer (12 0 ) , where the
second distance presents a value different from that
of the first distance (d ), the doped region (13 5 ,
136) being doped by inserting a material other than
that constituting the remainder of 



the intermediate layer (131, 132) so as to create in
the doped region a potential well that is localized
and asymmetrical within the tunnel barrier. 8 . A
device according to claim 7 , 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 with
one of the two outer interfaces of said intermediate
layer (131) with the reference magnetic layer (12 0 )
and with the storage magnetic layer (210). 9 . A
device according to claim 1 , characterized in that
said intermediate layer (13 0 ) 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 1 e2), and of at
least one second layer (132) of a second insulating
orsemi conductive material different from said first
material and presenting a second thickness (e 2). 10.
A device according to claim 9 , characterized in that
the second thickness (e2) presents a value different
from the first thickness e 1). 11. A device according
to any one of claims 1 to 10, characterized in that
said intermediate layer (130) comprises alumina. 12 .
A device according to claim 11 and any one of claims 2
to 6, characterized in that said very thin layer (133,
134) is made of a material selected from aluminum,
gold, silver, silicon, and germanium. 13. A device
according to any one of claims 1 to 10, characterized
in that said intermediate layer comprises magnesium
oxide. 14. A device according to claim 13 and any one
of claims 2 to 6, characterized in that said very thin
layer (133, 134) is made of a material selected from
chromium, ruthenium, tantalum, gold, silver, silicon,
and germanium . 15. A device according to any one of
claims 1 to 14, characterized in that the intermediate
layer (13 0 ) 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 (13 6 )
presents thickness lying in the range 0.5 nm to 1
nm.17. A device according to any one of claims 7 , 8 ,
and 16, 



characterized in that the intermediate layer (130) is
made of alumina or of magnesium oxide, and in that the
doped region (135, 136) comprises metallic or
semiconductor doping elements comprising at least one
of the materials constituted by aluminum, gold,
silver, chromium, ruthenium, tantalum, and silicon.
18. A memory comprising an array of memory cells
addressable by a set of bit lines (106) and of word
lines (108), said memory being characterized in that
each memory cell comprises a magnetic device (100)
according to any one of claims 1 to 17, and in that
each magnetic device (100) is connected to one bit
line (106) and to one word line (108) without
interposing any additional switch element. 19. A
memory according to claim 18, characterized in that it
comprises N*N memory cells distributed in a
twodimensional architecture, where N is an integer,
each bit line (106) serving N memory cells, and each
word line (108) serving N memory cells. 20. A memory
according to claim 18, characterized in that it
presents three-dimensional architecture comprising a
set of P superposed layers, each of N*N memory 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 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 1,
P1+1 ). 21. A memory according to claim 18,
characterized in that it presents three-dimensional
architecture comprising a stack of P superposed layers
of N*N memory cells (100) , memory cells (100) of each
layer (P1, P1+1 ) beingdistributed in a
two-dimensional architecture, P and N being integers,
each bit line (106) serving N memory cells (100) and
each word line (108) serving N memory cells (100)
within one two-dimensional architecture layer, and in
that an insulating separator layer (160) is interposed
between two successive two-dimensional architecture
layers (P , P1+1 ) in periodic manner in the stack of
P superposed layers. 


