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I. INTRODUCTION

In this experiment, the students will carry out mag-
netotransport measurements of ferromagnetic thin films.
The aims of the experiment are:

1. Learning how to conduct magnetoresistance and
Hall measurements.

2. Observation of the normal, anomalous and planar
Hall effects.

3. Observation of anisotropic magnetoresistance.

4. Observation of giant magnetoresistance.

II. THEORETICAL BACKGROUND

The students should read the background documents
(links to all required documents exist in the experiment
web page) and focus on the following topics:

1. Definition of the fields ~B, ~H and ~M [1].

2. Definition of the demagnetization field[2].

3. Definition of hysteresis[3].

4. Origin of magnetic moments in ferromagnets[3].

5. Motts two current model[4].

6. Ordinary and anomalous Hall effect[4].

7. Anisotropic magnetoresistance[4].

8. Giant magnetoresistance in multi-layer systems[4]
as well as granular systems.

For each of the effects the students should know the
theoretical origin of the effect, and what results they
expect to get in measurements of the effect. One sub-
ject that is not covered in the documents is the pla-
nar Hall effect[5]. Following is an explanation of the
effect: Consider a ferromagnetic thin film that displays
the anisotropic magnetoresistance. When magnetization
is set in the sample plane, and the x̂, ŷ coordinates are
in plane parallel and perpendicular to the magnetization
respectively, the resistivity tensor will be of the form:

ρ =

(
ρ|| 0
0 ρ⊥

)
(1)

FIG. 1. Top: Thin film on a glass substrate, electrically con-
nected to a chip at six points. Bottom: Socket for chip con-
nection.

where ρ|| and ρ⊥ are the resistivity componenets par-
allel and normal to the magnetization respectively. How-
ever, if the axes are at some arbitrary angle θ to the mag-
netization, the resistivity tensor is given by R−1ρR where
R is a rotation matrix. This yields non zero off diagonal
components that have a sin(2θ) dependence. This is the
planar Hall effect that gives rise to a transverse voltage
with a sin(2θ) dependence.

III. EXPERIMENTAL SETUP

Thin film samples to be measured are prepared on a
glass substrates. Six contacts are connected from the
sample to a chip (see Fig. 1). The chip connects to
a socket that carries the electric contacts to the current
source and voltmeters. An electromagnet that goes up to
±0.4Tesla is used to supply the magnetic field. The elec-
tromagnet is water cooled. The applied field is measured
with a Hall probe.
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IV. MEASUREMENTS

The students should conduct the following measure-
ments:

1. Magnetoresistance measurements of the AgCo
granular thin film[6] with the magnetic field ap-
plied perpendicular to the film plane, parallel to
the plane and parallel to the current, and parallel
to the plane but normal to the current.

2. Hall measurements of the AgCo granular thin film
with the magnetic field applied perpendicular to
the film

3. Magnetoresistance measurements of the Ni thin
film with the magnetic field applied perpendicular
to the film plane, parallel to the plane and parallel
to the current, and parallel to the plane but normal
to the current.

4. Hall measurements of the Ni thin film with the
magnetic field applied perpendicular to the film

5. Planar Hall measurements of the Ni thin film with
the magnetic field applied in the sample plane at
various angles to the current

Since the samples might have a hysteretic behavior,
each measurement should be conducted by increasing the
field, then decreasing the field to negative values and then
going back up to positive field. Resistance measurements
should be conducted in the four probe configuration (see
last document in reading material).

Results of Hall measurements might not look as ex-
pected. This is mainly due to non accurate location of
the Hall contacts on the sample, as well as non accurate
sample geometry. The students should think of ways to
extract the Hall signal from the measured data. If neces-
sary, normal and anomalous Hall (not planar Hall) mea-
surements should be conducted in the Onsager Casimir
configuration. The Onsager[7] Casimir[8] relation is:

VQS,PR

(
~B
)

= VPR,QS

(
− ~B

)
(2)

Where VQS,PR is the voltage measured between points
P and R due to a current from the source point Q to the

drain at point S. the contacts are located on the sample
boundary and ordered counterclockwise as P ,Q,R and S
(see figure 2). This relation holds for thin film samples of
arbitrary connected shape. The Hall resistivity ρH can
be extracted from measurements of VQS,PR and VPR,QS :

VQS,PR

(
~B
)
− VPR,QS

(
~B
)

2
=
ρH

(
~B
)
I

t
(3)

Where t is the sample thickness and I is the current in
the sample.

FIG. 2. Sample with point contacts at locations P ,Q,R and
S.

V. DATA ANALYSIS

1. The Hall voltage should be extracted from the
measurements using either the Onsager Casimir
method or symmetry arguments.

2. The charge carrier sign and density of the Ni film
should be extracted and compared to known values.

3. The angular dependence of the planar Hall effect
should be verified.

4. Observation anisotropic and giant magnetoresis-
tance in AgCo and Ni films respectively should be
qualitatively shown.

5. Any anomaly in the results should be discussed.

Good Luck.
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