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Anisotropic Magnetoresistance in thin films
Ta/NiFe/Ta and Giant Magnetoresistance in Spin
Valves Ta/CoFe/NiFe/Cu/CoFe/Mnlr/Ta

Miguel Malheiro Luz

Abstract—In this experience the 4 point probe was used as it’s
an advantage for precise measurement of low resistance values.
With this technique, two samples were analyzed, a thin film of
Ta (Snm) / NiFe (20nm) / Ta (Snm) and a spin valve of Ta (Snm)
/ CoFe (2nm) / NiFe (1.5nm) / Cu (2.2nm) / CoFe (3nm) / Mnlr
(7nm) / Ta (Snm), from which a maximum resistance variation of
~2% and ~8% was obtained respectively. Through the resistance
curves it was also studied the sensitivity of the devices to the
applied magnetic field.

Index Terms—Anisotropic Magnetoresistance; thin films; Gi-
ant Magnetoresistance; Spin Valves.

I. INTRODUCTION

AGNETORESISTANCE , the change of a material’s
Mresistivity with the application of a magnetic field, is
a well known phenomenon. The resistance of the material
changes with applied magnetic field and occurs in all metals.
Classically, the MR effect depends on both the strength of the
magnetic field and the relative direction of the magnetic field
with respect to the current. Two distinct types of magnetoresis-
tance will be reviewed here: anisotropic magnetoresistance and
giant magnetoresistance. The materials and mechanisms for
these two types of magnetoresistance are distinctly different.

II. PRINCIPLES
A. Anisotropic Magnetoresistance (AMR)

The physical origin of the magnetoresistance effect lies in
spin orbit coupling. The electron cloud about each nucleus
deforms slightly as the direction of the magnetization rotates,
and this deformation changes the amount of scattering under-
gone by the conduction electrons when traversing the lattice.
A heuristic explanation is that the magnetization direction
rotates the closed orbit orientation with respect to the current
direction. If the field and magnetization are oriented transverse
to the current, then the electronic orbits are in the plane of the
current, and there is a small cross-section for scattering, giving
a low resistance state. Conversely for fields applied parallel to
the current, the electronic orbits are oriented perpendicular to
the current, and the cross-section for scattering is increased,
giving a high resistance state. In a more generic way:
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Fig. 1. Schematic demonstrating the physical origins of AMR. Shaded ovals
represent the scattering cross-sections of the bound electronic orbits. When the
orbits (and applied field) are transverse to the current direction, the electron
scattering cross-section is reduced, giving a low resistance state.

B. Giant Magnetoresistance (GMR)

Giant Magnetoresistance (GMR) was discovered In 1988 by
Baibich et al. , in antiferromagnetically coupled multilayers of
Fe/Cr. In this structure, thin layers of magnetic metals are
separated by layers of non-magnetic metals. The magnetic
layers are coupled through the non-magnetic layers in either a
ferromagnetic or antiferromagnetic configuration depending on
the thickness of the non-magnetic layers. Magnetoresistance
effects of up to -50% were observed at low temperatures.
This effect was subsequently found to occur in a number of
multilayer magnetic film systems.
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Fig. 2. Giant Magnetoresistance effect as reported by Baibich et al.

The GMR effect requires that there is a method to change
the relative orientations of the magnetization in adjacent
magnetic metal layers, and that the thickness of the films must
be less than the mean free path of the electrons. The GMR
effect can be qualitatively understood on the basis of a two
fluid model of the conduction process in a magnetic metal.
The conduction electrons are divided into two classes: those
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whose spin is parallel to the local magnetization and those
whose spin is antiparallel.
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Fig. 3. If layers of a ferromagnetic material (iron, Fe) alternate with thin
layers of a non-magnetic metal (chrome, Cr) with a specific thickness, the
layers of the ferromagnetic will have alternating directions of magnetization
(a). If this structure is placed in a fairly strong external field, all layers will
have the same direction of magnetization (b).

The resistance of the material is determined by the scattering
processes to which the electrons are subject. Strong scattering
processes produce a short mean free path and large resistance,
weak processes produce long mean free paths and lower
resistance. GMR effects are produced when the scattering
processes for one spin orientation of the conduction electrons
is more effective than for the other spin orientation, known as
spin dependent scattering. In the two fluid picture, electrons
with spin oriented parallel to the magnetization of the metal
have a lower resistance than those whose spins are oriented
antiparallel. The high resistance state of the GMR materials
occurs when the magnetic layers are antiferromagnetically
coupled, so all electrons experience strong scattering at the
interfaces where the magnetization of the material is opposite
to the spin orientation. The low resistance state is obtained
when a the applied magnetic field is strong enough overcome
the antiferromagnetic coupling, and rotates the magnetization
of the layers to a ferromagnetic configuration. When the
magnetic layers are ferromagnetically aligned, only half of the
conduction electrons experience strong scattering processes,
while the other half experience weak scattering processes, with
the net effect of reducing the overall resistance of the material.
Note, in contrast to the AMR effect, the GMR effect depends
on the relative orientation of the magnetization in the layers,
and not on the direction of the current.

C. Spin Valves

Spin valves are four layer structures containing an antiferro-
magnetic "pinning" layer, and two inequivalent, thin, magnetic
films which are separated by a non-magnetic spacer. The
upper film has its magnetization pinned in one orientation
(by exchange coupling to the pinning layer), while the lower
magnetic layer (sense layer) is free to switch back and forth
in the presence of a magnetic field. The thickness of the
non-magnetic spacer layer is large enough to make negligible
the coupling between the two magnetic layers, thus, the field
dependence of the effect is low. The principle for lowering
the resistance is the same as in the GMR multilayer. That
is, spin dependent scattering gives a low resistance state when

the magnetic layers are ferromagnetically aligned, while a high
resistance state is obtained in the antiferromagnetic configura-
tion. In the spin valve structures, the resistance depends on
the angle between the respective magnetization of the two
magnetic layers, and not on the angle with respect to the
current direction, as in the AMR materials.

III. EXPERIMENTS AND RESULTS

In this experience a four-point probe was used where the
separation of current and voltage electrodes eliminates the
lead and contact resistance from the measurement. This is an
advantage for precise measurement of low resistance values.
A constant current I is applied by the exterior contacts and
the voltage V is measured in the internal contacts. Using the
Ohm law:

V=Ix Rsample (2)

By applying a constant current, if the resistance varies then
there is a change in the voltage. By this reason it’s simple to
obtain the resistance of the sample.

To vary the resistance, the sample was placed and rotated
between two coils in the Helmholtz configuration getting an
uniform magnetic field going through the material.

A. Anisotropic Magnetoresistance

To see the effects of a magnetic field applied in a thin film of
Ta(5nm)/NiFe(20nm)/Ta(5nm) a constant current went through
the sample high enough so that the noise was negligible but not
high enough so that the Joule effect was noticeable. With this,
the resistance curves depending on the angle of the magnetic
field and current applied are the following:
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Fig. 4. Resistance of the thin film of Ta(5nm)/NiFe(20nm)/Ta(5nm) versus
the applied magnetic field for different angles between the magnetic field and
the current applied.

The curves corresponding to the 60° and 90° do not behave
as the others but in magnitude are in agreement with what
was expected. As the angle between the current and the
magnetic field goes to 90° the resistance goes to its minimum,
which corresponds to the minimum scattering of electrons.The
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maximum resistance is achieved for 0° and 180° (this means
that the magnetic field and current are parallel) since the
scattering of electrons is maximum.

To evaluate the percentage of anisotropic magnetoresistance
of the material the following reason was used:
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Fig. 5. Ratio between the anisotropic magnetoresistance and the minimum
resistance of the thin film.

From here it’s possible to observe that the maximum varia-
tion of resistance is small, it’s something in the order of 2%.

To illustrate the sensibility of the resistance along the field
the plot of the first derivative of the resistance was made.
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Fig. 6. Sensibility of the magnetoresistance versus the magnetic field applied.

It’s possible to observe from the sensibility for the various
angles that the resistance only varies for small fields, and the
sensibility is null for bigger fields.

B. Giant Magnetoresistance

To study the giant magnetoresistance the same approach
was used. To study the the effect of the magnetic field applied
in a spin valve of Ta(5 nm)/CoFe(2nm)/NiFe(1.5 nm)/Cu(2.2

nm)/CoFe(3 nm)/Mnlr(7 nm)/Ta(5 nm) a constant current
went through the sample high enough so that the noise was
negligible but not to high so that the Joule effect wasn’t
significant.
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Fig. 7. Resistance of the Spin Valve [Ta(5 nm)/CoFe(2nm)/NiFe(1.5

nm)/Cu(2.2 nm)/CoFe(3 nm)/Mnlr(7 nm)/Ta(5 nm)] versus the applied mag-
netic field.

Here is visible that the Joule effect is present, as an example
for 180° it was expected that the curve converged for the
same value as it started, instead it went a little higher. This is
explained by the fact that the material warmed and as it is a
metal there is an increase in the resistivity of the material.

For 0° and 180° the resistance curve is soft, this is explained
by the fact that the magnetization of the ’free’ layer is
approximately perpendicular to the magnetic field. Here, for
a small field, the magnetization of ’free’ layer tends to get
aligned with the magnetization of the ’fixed’ layer.

For 90° the easy axis of the fixed layer is approximately
parallel to the magnetic field. Here the difference between the
maximum and minimum is the biggest of all the angles. This
is best described by the sensibility, determined by the first
derivative of the resistance curves.
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Fig. 8. Sensibility of the magnetoresistance versus the applied magnetic field.
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Here is visible the difference that was talked about earlier.
It’s possible to observe from the sensibility of the resistance
to the magnetic field is localized around the coupling field be-
tween the two ferromagnetic layers. From here the maximum
sensibility for each angle was studied too:
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Fig. 9. Maximum sensibility of the spin valve for different angles.

From this figure it’s easy notice that the maximum of
the sensibility occurs when the magnetic field is parallel
(60°/90°/120°) to the magnetization of the fixed layer and that
the minimum is when it’s perpendicular (0° and 180°).

To demonstrate the percentage of how much giant magne-

toresistance the material has, the following formula was used:
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Fig. 10. Ratio between the giant magnetoresistance and the minimum
resistance from the spin valve.

It’s possible to observe that the maximum effect is in order
of ~ 8%, and that this occurs when the magnetization of the
free layer and the fixed layer are in the same direction (90°).
As for the minimum variation the magnetization of the fixed
layer is perpendicular to the applied magnetic field.

IV. CONCLUSIONS

The first and the most blatantly observation of this experi-
ence is that the variation in resistance is bigger for the giant
magnetoresistance. The anisotropic magnetoresistance has as
maximum of ~2% of the resistance of the material, which
corresponds to when the magnetic field is perpendicular to
the current. And for the giant magnetoresistance it has ~8%
of the resistance of the material and occurs when the magnetic
field (and in consequence the magnetization of the free layer)
is antiparallel to the magnetization of the fixed ferromagnetic
layer.

As for the sensibility of the resistance to the magnetic field,
the maximum sensibility for the anisotropic magnetoresistance
is achieved for the magnetic field perpendicular to the current,
and the minimum sensibility is achieved when the magnetic
field and current are parallel to each other. For the giant
magnetoresistance the maximum sensibility is when the fixed
layer is antiparallel to the magnetic field, and the minimum
sensibility is for when the magnetization of the fixed field is
perpendicular to the magnetic field.

The phenomenon of giant magnetoresistance is present in
hard drive reading heads where to detect the transition between
bits GMR spin-valve sensors are commonly used. It’s used
too in ultra-sensitive magnetic sensors to measure rotation and
biosensing (biometric measurements, e.g., for the detection of
viruses) for example.
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