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(57) ABSTRACT 

A magnetic ?eld element provided With a stack of a ?rst 
magnetic layer structure (7), a second magnetic layer struc 
ture (11) having a substantially ?xed direction of magneti 
Zation (M11), and a spacer layer structure (9) separating the 
?rst magnetic layer structure and the second magnetic layer 
structure from each other. The magnetic ?eld element is 
further provided With a biasing means for applying a lon 
gitudinal bias ?eld to the ?rst magnetic layer structure, 
Which biasing means includes a thin biasing magnetic layer 
structure (3) located opposite to the ?rst magnetic layer 
structure. The biasing magnetic layer structure provides a 
magnetic coupling ?eld component (M3) perpendicular to 
the direction of magnetization of the second magnetic layer 
structure and is separated from the ?rst magnetic layer 
structure by a non-magnetic layer structure The ?rst 
magnetic layer structure is ferromagnetically coupled to the 
biasing magnet layer structure. The magnetic ?eld element 
is suitable for very high density applications. 
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MAGNETIC FIELD ELEMENT HAVING A 
BIASING MAGNETIC LAYER STRUCTURE 

[0001] The invention relates to a magnetic ?eld element 
provided With a stack of a ?rst magnetic layer structure, a 
second magnetic layer structure having a substantially ?xed 
direction of magnetiZation, and a spacer layer structure 
separating the ?rst magnetic layer structure and the second 
magnetic layer structure from each other, the magnetic ?eld 
element being further provided With a biasing means for 
applying a longitudinal bias ?eld to the ?rst magnetic layer 
structure. 

[0002] Us. Pat. No. 6,023,395 discloses a magnetic tun 
nel junction magnetoresistive sensor for sensing eXternal 
magnetic ?elds. A magnetic tunnel junction device com 
prises a ?Xed ferromagnetic layer and a sensing ferromag 
netic layer mutually separated by an insulating tunnel barrier 
layer and is based on the phenomenon of spin-polariZed 
electron tunneling. The response of magnetic tunnel junction 
devices is determined by measuring the resistance of the 
magnetic tunnel junction When a sense current is passed 
perpendicularly through the magnetic tunnel junction from 
one ferromagnetic layer to the other ferromagnetic layer. 
Magnetic tunnel junction devices suffer from the problem of 
maintaining a single magnetic domain state. Shifting domain 
Walls cause noise and reduce the signal-to-noise ratio. This 
may give rise to a non-reproducible response of the sensor, 
When a linear response is required. In vieW of this problem 
the knoWn magnetic tunnel junction magnetoresistive sensor 
is provided With a biasing ferromagnetic layer in the mag 
netic tunnel junction stack of layers that is magnetostatically 
coupled With the sensing ferromagnetic layer. A nonmag 
netic electrically conductive spacer layer is present betWeen 
the biasing layer and the other layers of the stack, such that 
a ferromagnetic coupling betWeen the biasing layer and the 
sensing ferromagnetic layer is prevented. The demagnetiZ 
ing ?eld from the biasing ferromagnetic layer magnetostati 
cally couples With the edges of the sensing ferromagnetic 
layer. In this Way, Wherein the spacer layer is of suf?cient 
thickness, the magnetic moments of the sensing layer and 
the biasing layer are magnetically coupled to one another via 
an antiferromagnetic coupling ?eld Which results from the 
magnetostatic coupling of the edges of the sensing and 
biasing layers. 
[0003] A disadvantage of the knoWn sensor is that the 
degree of magnetic coupling of the sensing layer With the 
biasing layer depends on the geometry of the element, 
particularly the relevant layers thereof. Further, an antifer 
romagnetic magnetostatic coupling requires a thick spacer 
layer in order to suppress a possible ferromagnetic coupling, 
hoWever, such a thick layer introduces undesired electrical 
shunting in case of a current-in-plane con?guration. This 
effect makes an antiferromagnetic coupling mechanism 
practically unsuitable for application in GMR or AMR 
elements. In this conteXt it is noted that the disclosed 
measure is only related to magnetic tunnel junction magne 
toresistive sensors. 

[0004] It is an object of the invention to improve the 
magnetic ?eld element of the kind described in the opening 
paragraph, in such a Way that the magnetic coupling induced 
by the biasing means is relatively independent of the geom 
etry of the ?eld element. 

[0005] This object is achieved With the magnetic ?eld 
element according to the invention Which ?eld element is 
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provided With a stack of a ?rst magnetic layer structure, a 
second magnetic layer structure having a substantially ?Xed 
direction of magnetiZation, and a spacer layer structure 
separating the ?rst magnetic layer structure and the second 
magnetic layer structure from each other, the magnetic ?eld 
element being further provided With a biasing means for 
applying a longitudinal bias ?eld to the ?rst magnetic layer 
structure, Wherein the biasing means includes a biasing 
magnetic layer structure located opposite to the ?rst mag 
netic layer structure, Which biasing magnetic layer structure 
provides a magnetic coupling ?eld component perpendicular 
to the direction of magnetiZation of the second magnetic 
layer structure and is separated from the ?rst magnetic layer 
structure by a nonmagnetic layer structure, Whereby the ?rst 
magnetic layer structure is mainly ferromagnetically 
coupled to the biasing magnetic layer structure The longi 
tudinal bias ?eld is directed perpendicularly to the ?Xed 
direction of magnetiZation of the second magnetic layer 
structure. The applied measure causes a magnetic coupling 
betWeen the biasing magnetic layer structure and the ?rst 
magnetic layer structure through the non-magnetic layer 
structure. During manufacturing of the magnetic ?eld ele 
ment the biasing magnetic layer structure can be realiZed in 
a simple Way using technology already existing. During 
forming of the biasing magnetic layer structure a magnetic 
?eld should be applied Which makes an angle larger than 0° 
and smaller than 180° With the ?eld applied during forming 
of the second magnetic layer structure. 

[0006] The biasing means applied into the ?eld element is 
applicable in sensors of different sensing principles. The 
magnetic ?eld element according to the invention can be a 
spin tunnel junction element, in Which case the spacer layer 
structure includes a tunnel barrier layer of an insulating 
material, such as A1203, or a spin-valve element of the giant 
magnetoresistive type. In both cases a very important mag 
netic characteristic is the magnetic hysteresis of the ?rst 
magnetic layer structure. When the magnetic moment of this 
layer structure is aligned With a magnetic ?eld of a magnetic 
source, eg a passing magnetic disk, an anti-parallel align 
ment With the magnetic moment of the second magnetic 
layer structure may be achieved. This effect gives rise to a 
change in resistance. In order to prevent a distortion in the 
output of the magnetic ?eld element it is essential to prevent 
the introduction of domain Walls moving erratically through 
the ?rst magnetic layer structure during said magnetic 
alignment. Domain Walls may be introduced if a magnetic 
hysteresis eXists in the ?rst magnetic layer structure. It has 
been proved that said hysteresis is reduced considerably and 
even completely eliminated in the sensor according to the 
invention. 

[0007] In the magnetic ?eld element according to the 
invention a magnetic coupling ?eld, i.e. a longitudinal 
biasing ?eld, betWeen the biasing magnetic layer structure 
and the ?rst magnetic layer structure eXists. The resulting 
coupling is mainly ferromagnetic, i.e. that the ferromagnetic 
coupling is dominant over possibly present antiferromag 
netic couplings. This dominance can be obtained by care 
fully choosing the thickness of the spacer layer structure as 
function of the ferromagnetic materials of the relevant layer 
structures. The ferromagnetic coupling is de?ned over a 
large area, i.e. in principle over the opposing faces of the 
biasing layer structure and the ?rst layer structure, on a very 
local level, i.e. of the order of the siZe of the grains of the 
structures. More precise, the desired ferromagnetic coupling 
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is obtained by exploiting the ferromagnetic coupling due to 
the Waviness or roughness of magnetic layer structures. This 
coupling is also called orange-peel coupling or topological 
coupling. In this invention the correlated Waviness of the 
biasing magnetic layer structure and the ?rst magnetic layer 
structure, Which structures are separated by the nonmagnetic 
spacer layer structure of suf?cient thickness, causes the 
ferromagnetic coupling. In the case of parallel magnetiZa 
tions the magnetic ?ux crosses the spacer structure from the 
magnetic structure to the others; this makes the situation 
With parallel magnetiZations energetically favorable over an 
antiparallel con?guration. 

[0008] By making the spacer layer structure suf?ciently 
thin, eg in the case of use of Ta as spacer material the 
thickness is typically less than about 3 nm, and choosing the 
saturation magnetiZation of a ferromagnetic layer in the 
biasing layer structure sufficiently large, it can be assured 
that the ferromagnetic coupling is dominant over magneto 
static antiferromagnetic coupling and therefore that the 
ferromagnetic coupling is relatively independent of the 
geometry of the ?eld element and homogeneous over at least 
a large part of the element. 

[0009] The above described measure alloWs much loWer 
magnetic ?elds to be applied than are possible With other 
biasing means. Due to the interactions on a microscopic 
level the ferromagnetic coupling is homogeneous over the 
main part of the ?eld element and is hardly dependent on the 
dimensions and surroundings of the magnetic ?eld element. 
Moreover, the biasing means is of a simple nature and offers 
a viable solution for very high density applications. An 
alternative mechanism for ferromagnetic coupling could be 
to make use of interlayer exchange coupling, in that case the 
thickness of the layers has to be chosen very carefully. 

[0010] Generally, the ?rst magnetic layer structure Will 
have an easy axis of magnetiZation Which is perpendicular to 
the ?xed direction of magnetiZation of the second magnetic 
layer structure. The ?rst magnetic layer structure generally 
includes a ferromagnetic layer of a ferromagnetic material, 
such as an NiFe alloy or CoFe alloy, the ferromagnetic layer 
being a so-called free layer. The second magnetic layer 
structure may include a so-called pinned layer of a ferro 
magnetic material, such as a NiFe alloy or a CoFe alloy, and 
a so-called pinning layer of an exchange biasing material, 
such as an antiferromagnetic material, eg an IrMn alloy. 

[0011] It is to be noted that US. Pat. No. 5,729,410 
discloses a knoWn magnetic ?eld element used as a sensor 
Which is used for reading magnetically recorded data and 
has one ?xed ferromagnetic layer and one sensing ferro 
magnetic layer, formed on opposite sides of an insulating 
tunnel barrier layer. TWo layer portions of hard biasing 
ferromagnetic material, particularly a CoPtCr alloy, are 
located near to but spaced from side edges of the sensing 
ferromagnetic layer. Said layer portions are electrically 
insulated from but magnetostatically coupled With the sens 
ing ferromagnetic layer and serve to longitudinally bias the 
magnetic moment of this sensing layer. A disadvantage of 
this knoWn sensor is that the layer portions of hard biasing 
material are difficult to control and are only really practical 
for large track Widths Where such magnets are far apart and 
the resulting ?eld is both of a loW value, eg 5 to 10 Oe, and 
homogeneous. It is not a suitable solution for very high 
density recording. Another disadvantage of the knoWn sen 
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sor is that said layer portions are made from a material Which 
is not used anyWhere else in the sensor. This requires extra 
sources in a deposition system. Furthermore, extra mask 
steps are required during manufacturing to de?ne the struc 
ture of said layer portions. Moreover, hard magnetic mate 
rials often shoW a strong temperature dependence. 

[0012] An embodiment of the magnetic ?eld element in 
accordance With the invention is characteriZed in that the 
biasing magnetic layer structure has a ?xed direction of 
magnetiZation having an angle of at least 45° and at most at 
an angle of 135° relative to the direction of magnetiZation of 
the second magnetic layer structure. In this preferred 
embodiment the biasing magnetic layer structure has a 
remarkable effect on the ?rst magnetic layer structure, in the 
sense that the magnetic hysteresis in the ?rst magnetic layer 
structure is substantially reduced. A maximum longitudinal 
biasing ?eld is achieved in the embodiment Which is char 
acteriZed in that the direction of magnetiZation of the biasing 
magnetic layer structure has an angle of substantially 90° 
relative to the direction of magnetiZation of the second 
magnetic layer structure. 

[0013] In an embodiment of the magnetic ?eld element in 
accordance With the invention the non-magnetic layer struc 
ture includes a layer of one or more of the materials Cu, Ru 
and Ta and/or a non-magnetic oxide, such as A1203. By 
adjusting the thickness of this layer the longitudinal biasing 
?eld can be tuned, eg from about 5 Oe for a very thick Cu 
layer to several 100 Oe for a very thin Cu layer. Ta is 
preferred, in particular in a spin-valve element, because of 
its high resistivity. Moreover Ta induces a desired texture. 

[0014] An embodiment of the magnetic ?eld element in 
accordance With the invention is characteriZed in that the 
biasing magnetic layer structure includes a pinned layer 
structure and a pinning layer structure for pinning the pinned 
layer structure. The pinned layer structure preferably 
includes a ferromagnetic layer of a magnetic material, eg 
an NiFe alloy, Co or a CoFe alloy. 

[0015] The last-mentioned embodiment of the magnetic 
?eld element in accordance With the invention is preferably 
further characteriZed in that the pinning layer structure 
includes a layer of an exchange-biasing material, such as an 
anti-ferromagnetic material, eg an FeMn alloy, an IrMn 
alloy or a ferrimagnetic material, eg an TbCo alloy or an 
TbFeCo alloy. 

[0016] If desired the pinned layer structure may include 
tWo ferromagnetic layers separated by a layer of a non 
magnetic material. The structure may be e.g. tWo layers of 
a ferromagnetic material, such as an NiFe alloy or a CoFe 
alloy, and an interposed layer of a suitable thickness and of 
a non-magnetic material, such as Ru, Rh or Cu. The inter 
posed layer results in an anti-ferromagnetic coupling 
betWeen the layers of a ferromagnetic material. Such a 
structure comprising layers of a ferromagnetic material 
separated by interposed layers of a non-magnetic material is 
often called an arti?cial antiferromagnet 

[0017] An embodiment of the magnetic ?eld element in 
accordance With the invention is characteriZed as de?ned in 
claim 8. In this embodiment a magnetic stray ?eld may be 
minimiZed. 

[0018] An embodiment of the magnetic ?eld element in 
accordance With the invention is characteriZed as de?ned in 
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claim 9. The magnetic robustness of the biasing magnetic 
layer structure is further improved in this embodiment. 

[0019] The invention further relates to a spin tunnel junc 
tion device comprising a magnetic ?eld element. The spin 
tunnel junction device in accordance With the invention is 
provided With the magnetic ?eld element in accordance to 
the invention, the spacer layer structure including a tunnel 
barrier layer of eg an insulating material, such as A1203. 

[0020] The invention further relates to a giant magneto 
resistive device comprising a magnetic ?eld element. The 
giant magneto-resistive device in accordance With the inven 
tion includes the magnetic ?eld element in accordance With 
the invention. An insulating material, such as A1203, or a 
material of high resistivity, such as Ta, W, or M0, is preferred 
as material for the non-magnetic layer. 

[0021] Both above-mentioned devices can be used as 
sensors, e.g. ?eld sensors for automotive applications or 
magnetic heads, such as read heads, for cooperation With a 
magnetic registration or information medium. 

[0022] The invention further relates to a system for read 
ing information from a magnetic information carrier, Which 
system includes the magnetic ?eld element in accordance 
With the invention or one of the devices in accordance With 
the invention. 

[0023] The invention further relates to a magnetic memory 
including the magnetic ?eld element according to the inven 
tion and to an electronic circuit comprising such a memory. 

[0024] With reference to the claims, it is noted that various 
characteristic features as de?ned in the set of claims may 
occur in combination. Moreover, it is to be noted that 
Wherever the expression “layer structure” Wherever used in 
this document it may refer to a single layer or a stack of 
layers. 
[0025] The above-mentioned and other aspects of the 
invention are apparent from and Will be elucidated, by Way 
of non-limitative example, With reference to the embodi 
ments described hereinafter. 

[0026] 
[0027] FIG. 1 is a diagrammatic cross-sectional vieW of 
an embodiment of the magnetic ?eld element according to 
the invention, 

[0028] FIG. 2 is a diagrammatic cross-sectional vieW of 
an embodiment of a spin-valve element of the giant mag 
neto-resistive type according to the invention, 

[0029] FIG. 3 is a diagrammatic cross-sectional vieW of 
an embodiment of the spin tunnel junction device according 
to the invention, 

[0030] FIG. 4 renders a diagrammatic perspective vieW of 
an embodiment of a magnetic ?eld sensor provided With the 
magnetic ?eld element according to the invention. 

[0031] FIG. 5 shoWs diagrammatically an embodiment of 
the system according to the invention, 

In the draWings: 

[0032] FIG. 6 is a diagrammatic cross-sectional vieW of 
an embodiment of a magnetic memory according to the 
invention and 

[0033] FIG. 7 renders a diagrammatic vieW of an elec 
tronic circuit according to the invention. 
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[0034] It is to be noted that the same reference signs Will 
be used to indicate corresponding parts of the several 
embodiments. 

[0035] The magnetic ?eld element shoWn in FIG. 1 is 
provided With a stack of substantially parallel layer struc 
tures supported by a substrate 1. The stack of layer structures 
successively includes a biasing magnetic layer structure 3, a 
thin non-magnetic layer structure 5, a ?rst magnetic layer 
structure 7, a spacer layer structure 9 and a second magnetic 
layer structure 11. The substrate 1 may be comprised of a 
non-magnetic, non-conducting material, such as Si. The ?rst 
magnetic layer structure 7 and the second magnetic layer 
structure 11 are sandWiched about the spacer layer structure 
9, Whilst the biasing layer structure 3 and the ?rst magnetic 
layer structure 7 are sandWiched about the non-magnetic 
layer structure 5. Each of the layer structures 3, 5, 7, 9 and 
11 may include a single layer or a multilayer. The second 
magnetic layer structure 11 has a ?xed direction of magne 
tiZation M11 in the plane of the layer structure 11 itself. The 
direction of magnetiZation M11 has been introduced during 
manufacturing of the magnetic ?eld element by applying a 
suitable magnetic ?eld during forming, in particular depos 
iting of the second magnetic layer structure 11. 

[0036] The biasing magnetic layer structure 3, Which is 
located opposite to the ?rst magnetic layer structure 7, has 
a magnetiZation M3 Which provides a magnetic coupling 
?eld component parallel to the magnetiZation M3 and per 
pendicular to the direction of magnetiZation M11 of the 
second magnetic layer structure 11. The direction of the 
magnetization M3 has been realiZed during forming, in 
particular depositing, of the biasing magnetic layer structure 
3 by applying a suitable magnetic ?eld Which makes an 
angle betWeen 0° and 180° With the ?eld applied during 
forming of the second magnetic layer structure 11. The 
magnetiZation M3 produces a ferromagnetic coupling 
betWeen the biasing magnetic layer structure 3 and the ?rst 
magnetic layer structure 7 via the non-magnetic layer struc 
ture 5, Which results in a very local coupling. Preferably, the 
magnetiZation M3 of the biasing magnetic layer structure 3 
has a ?xed direction Which having an angle of at least 45° 
and at most 135° relative to the direction of magnetiZation 
M11 of the second magnetic layer structure 11. The maxi 
mum magnetic coupling ?eld component is achieved if said 
direction of magnetiZation M3 of the biasing magnetic layer 
structure has an angle of 90° relative to the direction of 
magnetiZation M11. The ?rst magnetic layer structure 7 has 
an easy axis of magnetiZation A7 Which is parallel to the 
?xed direction of magnetiZation M1 1 of the second magnetic 
layer structure 11. Alternatively, in certain applications it 
may be advantageous to choose the easy axis of magneti 
Zation A7 perpendicular to the ?xed direction of magnetiZa 
tion M11. The ?rst magnetic layer structure 7 may include a 
so-called free layer comprised of a ferromagnetic material, 
eg NiXFe1_X. The second magnetic layer structure 11 may 
include a so-called pinned layer of a ferromagnetic material, 
eg CoXFe1_X, or a so-called pinned layer of an exchange 
biasing material, such as an anti-ferromagnetic material, eg 
FeSOMnSO. 
[0037] The magnetic ?eld element according to the inven 
tion may be used in a spin tunnel junction device, in Which 
case the spacer layer structure 9 includes a tunnel barrier 
layer of an electrically insulating material, eg A1203, or 
may be used in a giant magnetoresistive device, in Which 
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case the spacer layer structure 9 includes a layer of a 
non-magnetic material, eg Cu. 

[0038] The thin non-magnetic layer structure 5 having a 
thickness of smaller than 3 nm may include one or more 

layers of a non-magnetic material, such as the elements Cu, 
Ru or Ta, or the oxide A1203 or another suitable material. 
The biasing layer structure 3 may include a stack of a pinned 
layer structure and a pinning layer structure. The pinned 
layer structure preferably comprises tWo layers of a ferro 
magnetic material, such as an NiFe alloy, separated by a 
layer of a non-magnetic material, such as Cu, Whilst the 
pinning layer structure preferably comprises a layer of an 
exchange-biasing material, such as an antiferromagnetic 
material, eg an FeMn alloy, or a suitable ferrimagnetic 
material, eg an TbCo alloy. Preferably one of the ferro 
magnetic layers is adjacent to the layer of an exchange 
biasing material. Alternatively, the biasing layer structure 3 
may include tWo ferromagnetic layers separated by a layer 
of a non-magnetic material. 

[0039] The giant magneto-resistive device shoWn in FIG. 
2 may comprise a substrate and comprises a magnetic ?eld 
element provided With a stack of layer structures including 
a biasing layer structure 3, a thin non-magnetic layer struc 
ture 5, a ?rst magnetic layer structure 7, a spacer layer 
structure 9, a second magnetic layer structure 11. The 
biasing layer structure 3 has a magnetiZation M3 Which is 
perpendicular to the ?xed direction of magnetiZation M11 of 
the second magnetic layer structure 11. The biasing mag 
netic layer 3 includes a pinned layer structure 3B and a 
pinning layer structure 3A for pinning the structure 3B. The 
pinning layer 3A includes a layer of an exchange-biasing 
material, in this embodiment an IrMn alloy. In this embodi 
ment the pinned layer structure 3B includes tWo layers 3B1 
and 3B2 of a ferromagnetic material, separated by an inter 
posed layer 3B3 of a non-magnetic material. The ferromag 
netic material is a CoFe alloy and the non-magnetic material 
is Ru in this embodiment. The structure of the layers 3B1 
3B2 and 3B3 results in an anti-ferromagnetic coupling 
betWeen the ferromagnetic layers 3B1 and 3B2. In this 
embodiment the non-magnetic layer structure 5 Which has a 
thickness of 2 nm includes a layer of Ta. The ?rst magnetic 
layer structure 7 includes a free layer of a ferromagnetic 
material, eg an NiFe alloy. The spacer layer structure 9 
includes a layer of Cu. The second magnetic layer structure 
11 is a pinned structure having a pinned layer 11A and a 
pinning layer 11B. The second magnetic layer structure 11 
has a ?xed direction of magnetiZation MM and the biasing 
layer structure 3 provides a magnetic coupling ?eld com 
ponent perpendicular to the direction of magnetiZation M11. 

[0040] The spin tunnel junction device shoWn in FIG. 3 
comprises a magnetic ?eld element provided on a substrate 
1 and provided With a stack of a biasing magnetic layer 
structure 3, a non-magnetic layer structure 5, a ?rst magnetic 
layer structure 7, a spacer layer structure 9 and a second 
magnetic layer structure 11. The spacer layer structure 9 
includes a tunnel barrier layer of a non-magnetic, electrically 
insulating material, such as a suitable oxide, e.g. A1203. The 
layer structures 3, 5 and 11 may be composed as in the 
embodiments already described. The ?rst magnetic layer 
structure 7 is mainly ferromagnetically coupled to the bias 
ing layer structure 3. 

[0041] FIG. 4 renders a part of a magnetic ?eld sensor. 
The sensor comprises a transducer T With electrical connec 
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tions 100. The transducer T includes an embodiment of the 
magnetic ?eld element according to the invention, eg one 
of the embodiments as shoWn in FIGS. 1 to 3. The sensor 
comprises ?ux guides 102, 104, Which are positioned rela 
tive to the transducer T so as to form a magnetic circuit. The 
?ux guides 102, 104 have end faces 102a, 104a forming pole 
faces of the sensor, a magnetic gap 106 being located 
betWeen said faces. If a magnetic medium, such as a 
magnetic tape, disc or card, moves past the faces 102a, 104a 
in close proximity thereto, magnetically-stored information 
on that medium Will generate a varying magnetic ?ux in the 
above-mentioned magnetic circuit, Which ?ux is also fed 
through the transducer T. The transducer T converts the 
varying magnetic ?ux into electrical resistance variations, 
Which can be measured by a suitably measuring instrument 
connected to the electrical connections 100. Such a sensor, 
also referred to as a magnetic head, may also include an 
induction coil, Which can be employed in the recording of 
magnetic information on a magnetic medium. 

[0042] The system according to the invention shoWn in 
FIG. 5 includes a frame 200 and a spindle 202 rotatably 
mounted in the frame 200 for carrying a disc-like informa 
tion carrier 204, such as a hard disc or a magneto-optical 
disc. The information carrier 204 may be an integrated 
carrier or a removable carrier. The system further includes a 
sWing-arm 206 carrying a magnetic ?eld sensor 208 accord 
ing to the invention. Drives are provided for driving the 
spindle 202 and the arm 206. In an operational state the 
sensor 208 scans the rotating information carrier 204, the 
sensor being disposed opposite to the information carrier 
204 and moving substantially radially With respect to the 
carrier 204. The system shoWn is a data storage system, but 
may be for example an audio and/or video system. The 
system according to the invention may also be a system for 
reading information from a tape or card. 

[0043] In FIG. 6 a spin tunnel junction device 300 accord 
ing to the invention is integrated on top of semiconductor 
device 302, such as a transistor, eg an Si transistor, or a 
diode, eg a GaAs diode, forming a cell of a high-density 
non-volatile memory. 

[0044] FIG. 7 shoWs a ?oor plan 400 for a high-density 
MRAM. The plan 400 includes memory cells comprising a 
selection device 402, eg a diode or a transistor, and a 
magnetic component 404 in the form of a spin tunnel 
junction device according to the invention or a giant mag 
neto-resistive device according to the invention. 

1. Amagnetic ?eld element provided With a stack of a ?rst 
magnetic layer structure, a second magnetic layer structure 
having a substantially ?xed direction of magnetiZation, and 
a spacer layer structure separating the ?rst magnetic layer 
structure and the second magnetic layer structure from each 
other, the magnetic ?eld element being further provided With 
a biasing means for applying a longitudinal bias ?eld to the 
?rst magnetic layer structure, Wherein the biasing means 
includes a biasing magnetic layer structure located opposite 
to the ?rst magnetic layer structure, Which biasing magnetic 
layer structure provides a magnetic coupling ?eld compo 
nent perpendicular to the direction of magnetiZation of the 
second magnetic layer structure and is separated from the 
?rst magnetic layer structure by a non-magnetic layer struc 
ture, Whereby the ?rst magnetic layer structure is mainly 
ferromagnetically coupled to the biasing magnetic layer 
structure. 
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2. A magnetic ?eld element according to claim 1, char 
acteriZed in that the biasing magnetic layer structure has a 
?xed direction of magnetiZation having an angle of at least 
45° and at most 135° relative to the direction of magneti 
Zation of the second magnetic layer structure. 

3. A magnetic ?eld element according to claim 2, char 
acteriZed in that the direction of magnetiZation of the biasing 
magnetic layer structure has an angle of substantially 90° 
relative to the direction of magnetiZation of the second 
magnetic layer structure. 

4. A magnetic ?eld element according to claim 1, char 
acteriZed in that the nonmagnetic layer structure includes a 
layer of Ta. 

5. A magnetic ?eld element according to claim 1, char 
acteriZed in that the biasing magnetic layer structure 
includes a pinned layer structure and a pinning layer struc 
ture for pinning the pinned layer structure. 

6. A magnetic ?eld element according to claim 5, char 
acteriZed in that the pinning layer structure includes a layer 
of an eXchange-biasing material. 

7. A magnetic ?eld element according to claim 5, char 
acteriZed in that the pinned layer structure includes tWo 
ferromagnetic layers separated by a layer of a nonmagnetic 
material. 
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8. A magnetic ?eld element according to claim 1, char 
acteriZed in that the biasing magnetic layer structure 
includes tWo ferromagnetic layers separated by a layer of a 
non-magnetic material. 

9. A magnetic ?eld element according to claim 6, char 
acteriZed in that the biasing magnetic layer structure 
includes tWo ferromagnetic layers separated by a layer of a 
non-magnetic material, one of the ferromagnetic layers 
being adjacent to the layer of the eXchange-biasing material. 

10. Aspin tunnel junction device comprising the magnetic 
?eld element according to any one of the preceding claims, 
the spacer layer structure including a tunnel barrier layer. 

11. A giant magneto-resistive device comprising the mag 
netic ?eld element according to any one of the claims 1 to 
9. 

12. A system for reading information from a magnetic 
information carrier, Which system includes the magnetic 
?eld element according to any one of the claims 1 to 9 or the 
device according to claim 10 or 11. 

13. A magnetic memory including the magnetic ?eld 
element according to any one of the claims 1 to 9. 

14. An electronic circuit including the memory according 
to claim 13. 


