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Method of manufacturing a gragneﬁc tunnel junction device.

The invention relates to a method of manufacturing a magnetic tunnel junction
device, in which a stack comprising two electrode layers, comprising a magnetic material, and

‘a barrier layer extending in between, comprising a non-magnetic material, is formed.

The invention also relates to a magnetic tunnel junction device obtainable by

~ means of such a method, a magnetic ficld sensor provided with such a device and a magnetic

memory provided with such a device.

A ‘device as desenbed above 1s dlsctoseim W@f"_ 99/22368. The magnehc

“ tunnel junction device known from said patent application compnses afirstanda second

magnehc layer, which layers are sandwiched with respect to an insulating intermediate layer
and serve as elecu'ode layers Asa transducmg element this device forms part of a magnetxc
field sensor provided with a magnetic yoke, in which the first magnetic layer is in direct

contact with a part of the yoke. The first magnetic layer, likewise as the yoke, is formed froma

' soft-magnenc material. The second magnetic layeris a composlte layer and compnses a

ferromagnetic sub-layer and a pinning structure. The msulatmg intermediate layer constltutes a.
tunnel barrier. ' . )

In the known magnetic tunnel jurzction device,‘ one of the magnetic layers,
namely the soﬁ-magneﬁc layer, therefore aiso serves asa flux guide. To prevent detrimental
effects on the magnetlcal properties of this layer, such as domain wall formauon due to
irregularities in the surface of the soﬁ-magneuc layer facmg the tunnel barrier, it 1s desirable
that only the other magnetic layer, i.e. the second magnetnc layer, and possrbiy the bamer-
forming intermediate layer, is, or are, structured. '

It is an object of the invention to provxde amethod of the type described in the
opening paragraph, comprising a process of structuring one of the electrode layers, which
process stops with certainty before the other electrode layer is reached. _

To achleve the object described, the method according to the invention is
charactenzed in that one of the electrode layers is structured by means of etchmg, in which,
during etching, a part of the relevant layer is made thinner by removing _m_aten_al until a rest
layer remains, whereafter this rest layer is removed by means of physical etching, in which at
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Jeast substantially particles have a motion energy which is between the sputtering threshold of
the magnetic material of the rest layer and the sputtering threshold of the non-magnetic
material of the barrier layer. Physical etching is understood to mean etching by means of a
beam of electrically charged particles, such as sputter etching, ion milling and ion beam
etching. As is assumed to be known, the sputtering threshold is the minimal energy which is
necessary to release a particle from the material of the layer which is subjected to an etching
S _ . _ .

In the method according to the invention, it is with certainty that the other -
electrode layer is not reached because the electrode layer to be structured is not entirely etched
off during a first phase of the etching process in which use is made in known manner of a
mask of the electrode layer to be structured which is or may comprise a soft-magnetic layer.
Etching during the first phase may be chemical or physical etching. By performing, for
example, resistance measurements, it can be determined when the rest layer is reached.
Preferably, a rest layer having a thickness of maximally 5 nm is aimed at. During a second
phase of the etching process, the rest layer is removed by way of physical etching without the .
other electrode layer being attacked. This surprising effect is achieved in that the particles used.
during physical etching have a motion energy which is lowerthan the sputtenng threshold:of
the barrier layer and can therefore not pass through the barrier layer. The physical etching.
process used is thus a selective etching process. The steps of the method mentioned above do
not cause any detrimental effect on the non-structured electrode layer; particularly there isno
detrimental influence of the magnetical properties of this electrode layer. If the last-mentioned

" layer is formed from or also from a soft-magnetic material, this layer is particularly suitable

for use as a flux-guiding layer. :

' An embodiment of the method according to the invention is characterized in
that particles are used which have a mass which is heavier than the mass of a metallic element
of tl_le_ magnetic material of the rest layer. In this case, it is assumed that the mass of the
elements of the non-magnetic material, generally an oxide or a nitride, of the barrier layer is
lighter than the mass of said metallic element. The measure mentioned above positively
contributes to the selectivity of the method, in which the selectivity of etching the magnetic
material is higher with respect to the non-magnetic material as the charged particles have a
heavier mass. :

An embodiment of the method according to the invention is characterized in
that the electrode layer to be structured is built up from, consecutively, a basic layer and a
layer structure comprising at least a further layer for magnetic pinning of the basic layer. The
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basic layer may be a ferromagnetic layer, for example, of an NiFe alloy or a Co alloy,
particularly a Co-Fe alloy, while the pmnmg layer stmcture may comprise one of the
following possibilities: an anti-ferromaguetic leyer of, for example an FeMn alloy or an 'Mn
alloy; a hard-magnetic ferromagnetlc layer of, for example, a Co alloy, an artificial anti-
ferromagnetic structure compnsmg two antr-para]]el magnetic layers separated by a metallic
intermediate layer. Such a structure may be coupled toan antr-ferromagnetrc layer of, for
example, an FeMn alloy. Ifsuch an electrode layer to be structured is formed, it is preferred to
selectively etch the layer structure, partrcularly selectively chermcally etch this structure
initially, i.e. before the basic layer is structured, until the basic layer is reached. By making
partly use of said selective etchmg the structuring process in accordance with the method
according to the invention can be perfonned within a shorter.pe_r_';od_of time. Selective
chemical etching is a known etching technique. _ S

It is to be noted that the method accordmg to the mventlon mphes amethod of
structuring a magnetic electrode layer of a semi-manufactured product of a magnetic tunnel

junction device, in which the semi-manufactured product compnses an assembly of said

. electrode layer, a barrier layer anda further magnetic ¢ electrode layer In the last-mentioned
. method, the structuring of the relevant layer does not mﬂuence the magnettcal properties of
the other: magnetxc .electrod__e_:layer of the mg.g_n_etlc tunnel Junctr_op :dev:ce, at least not ma.

detrimental sense. The special aspect of thls 'm,etho:d is that etchjug does not take place through
the barrier layer. It is _therehy; ensured that, in spite of layer tluckness variations and variations
of etching methods, the magnetlc electrode_.la_yer, which is not to bestructured, is not etched.
The barrier layer, which is ar'x insulating layer, a layer having a low electrical conductance, or a
dielectric layer, is usually only approxrmately 1 nm thick. _ _ :

The magnehc tunnel junction device according to the mventlon, manufactured

- by means of the method accordmg to the mventlon, has a magnetlc electrode layer structured

by means of the last-mentloned method and another magnetic electrode layer which may be or
may comprise a soﬁ-magnetr_c_ layer, which layer is usable as a _ﬂux_gmde. Such a soft-
magnetic layer may be formed from, for example, an NiFe alloy or a Co alloy such as a Co-Fe
alloy. The soft-magnetic layer may also be built up from a number of sub-layers.

The magnetic field sensor according to ,the inven;trjoh is provided with the
magnetic tunnel junction dev_ice according to the invention. The rriagnetic tunnel junction
device forms one or the tr_ah,sducing e_l_e_m_eht_ of the magnetic ﬁeld sensor according to the
invention. This sensor may be used, inter a_lia, as a magnetic head_for decoding magnetic flux
originating from a r_nagnetic i_hfonnat_i_on medium suchas a magnetrc tape or a magnetic disc;
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as a sénsor for detecting, for

as a Sensor in compasses for detecting the earth’s magnetic field;
example, a position, an angle;ora velocity, for example, in auf niotive uses; as a field sensor
in medical scanners; and as a current detector. Also the magnetic memory, particularly a
MRAM, according to the invention is provided with the magnetic tunnel junction device
according to the invention. _

With regard to the claims, it is to be noted that various combinations of the
embodiments mentioned in the dependent claims are possible.

These and other aspects of the invention are apparent from and will_ be

elucidated with reference to the embodiments described hereinafter.

In the drawings: : _
Fig. 1A shows diagrammatically a first intermediate product obtained from an.
embodiment of the method according to the invention;

Fig. 1B shows diagrammatically a second intermediate product obtained from -
said embodiment of the method according to the invention,

Fig. 1C shows diagrammatically:a third intermediate product obtained from the .

- embodiment of the method according to the invention,

Fig. 1D shows diagrammatically a fourth intermediate product accordmg to the
invention, . : S L
Fig. 1E shows diagrammatically an embodiment of the magnetic tunnel
junction device according to the invention, made in accordance with the described
embodiment of the method according to the invention, and

Fig. 2 shows an embodiment of the magnetic field sensor according to the
invention.

Fig. 1A shows a stack ] of layers which comprises, in this example, a first
magnetic electrode layer 3 of a soft-magnetic material, such as an NiFe alloy, an insulating,
poorly conducting or dielectric layer 5, in this document also referred to as barrier layer, of,
for example Al;Os, a second magnetic electrode layer 7 built up in this example of a basic
layer 7a of a soft-magnetic material, in this example an NiFe alloy, and a layer structure 7b
comprising at least a further layer of an anti-ferromagnetic material such as an FeMn alloy.
Alternatively, a hard-magnetic layer may be used as a second magnetic layer for the layer.
structure comprising the basic layer 7a and the layer structure 7b.
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During the method according to the invention, a shielding layer 9 of, for
example, a photoresist, see Fig. 1B, is provided on the stack 1 shown Subsequently, etching -
processes are used, in which the layer structure 7b is- ﬁrst etched selecuvely particularly
etched chemically, until the basic layer 7a is reached; see Fig. IC -_Subsequently, the basic
layer 7a is etched, particularly etched physically, until a rest laye:i'? 7r of soft-magnetic material
remains; see Fig. 1D, Alternatively, mstead of two etching processes, it may be sufficient to
use physical etching only. Physical etching such as sputter etchmg is preferably also used if
the second electrode layer 7 is a hard-magnetic layer. During phys1cal etching, resistance

measurements are performed contmuously or occasionally, pos51b1y during a short interruption

_ of the etching process, so as to determine when the desired rest layer 7r is reached.

The rest layer 7r obtained in one of the methods descnbed above preferably has
a thickness of 5 nm maximum. During the method according to ﬂ;e invention, the rest layer 7r
is removed by physical etching, in this example sputter etching, ﬁx:which charged particles,
particularly ions, have a motion energy which is between the sputtenng threshold of the NiFe
alloy used and the sputtering threshold of Ale;; The sputtenng threshold of the NiFe alloy is
approx:mately 20 eV the sputtermg threshold of A1203 is approxlmately 40 eV. In this
embodlment the rest layer 7r is preferably bombarded with Kr or Xe ions which ions have a
mass which is heavier than the mass of the metals Ni and Fe, Wh1ch mass is in its turn heavier
than the mass of Al and O After removal of the rest layer 7r, a protectlve layer 11 may be -
formed by depositing an insulating material such as SiO; or A1203 ‘The shielding layer 9 may
be removed. ' o

The magnetic field sensor according to the invenffién, shown in Fig. 2,
comprises a magnetic tunnel junction device 20 of the type shown: in Fig. 1E. In this
embodiment, the sensor also comprises a magnetic yoke 22 whieﬁ has an interruption 22a
which is bridged and is in magnetic contact with the tunnel junction device 20. The magnetic
yoke 22 is formed from a soﬁ-magnetie material such as an NiF _e 'ailoy. The sensorhas a
sensor face 24 adjacent to a non-magnetic transducing gap 26. The interruption 22a and the
gap 26 are formed by insulating layers of], for example SiO; or A1203

It is to be noted that the invention is nbt limited to t_he embodiments shown. For
example, variants of the several steps of the method are possible w1thm the scope of the-
invention. Furthermore, the sensor shown may be formed as a magnetlc head for scanning a
magnetic recording medium. Such a construction may form part of ‘a combined read/write
head. The magnétic tunnel junction device obtained in accordanee wlth the method of the
invention may also form part of a magnetic memory. i '
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L A method of manufacturing a magnetic tunnel junction device, in which a stack
comprising two electrode layers, compriéing a magnetic material, and a barrier layer extending
in betweeﬁ, comprising a non-magnetic material, is formed, characterized in that one of the
electrode layers is structured by means of etching, in which, during etching, a part of the
relevant layer is made thinner by removing material until a rest layer remains, whereafter said
rest layer is removed by means of physical etching, in which at least substantially particles
have a motion energy which is between the sputtering threshold of the magnetic material of
the rest layer and the sputtering threshold of the non-magnetic material of the barrier layer. .

2. A method as claimed in claim 1, characterized in that particles are used which
have a mass which is heavier than the mass of a metallic element of the magnetic material of

the rest layer.

3. A method as claimed in clalm 1, charactenzed in that the electrode layer to be
structured is built up from, consecutively, a basic layer and a layer structure comprising at
least a further layer for magnetic pinning of the basic layer.

4. A method as claimed in claim 3, characterized in that, prior to structuring the
basic layer, the layer structure is chemically etched until the basic layer is reached.

s. A magnetic tunnel junction device obtained by means of the method as claimed
in any one of the preceding claims.

6. A magnetic tunnel junction device as claimed in claim 5, in which the layer
other than the structured electrode layer comprises a soft-magnetic layer which is usable as a
flux guide.

7. A magnetic field sensor provided with the magnetic tunnel juncﬁon device as

claimed in claim 5.
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8. A magnetic field sensor provided with the magnetic tunnel junction device as
claimed in claim 6 and provided with a magrxetic yoke which is in magnetic contact with the
'soft-magnetic layer of the magnetic tunnel juncﬁon device.

9, A magnetic memory provided with the magnetic tunnel junction device as
 claimed in claim 5. - : |



