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Abstract

ENGLISH:

We present a time-resolved Kerr microscope, capable of measuring the magne-
tization dynamics of samples grown on transparent, double-side-polished sub-
strates.
The magnetization is excited by a current pulse, using a coplanar waveguide
placed beneath the samples. The Kerr rotation is detected with the strobo-
scopic pump-probe technique, using a probing laser, synchronized with the cur-
rent pulse.
We report benchmark measurements of the time-resolved Kerr instrument for
magnetization dynamics in thin permalloy and FePd films. The experimental
results for ferromagnetic resonance peaks have been compared with the values
predicted by Kittel.

SVENSKA:

Vi presenterar ett tidsupplöst Kerr-mikroskop, kapabel till att mäta magnetis-
eringsdynamiken hos magnetiska prov tillverkade p̊a transparenta, dubbelsdigt
polerade substrat. Magnetiseringen exiteras med en strömpuls via en koplanär
v̊agguide placerad under provet. Kerr-rotationen detekteras med hjälp av en
stroboskopisk pump-probe teknik som använder en probing laser synchronis-
erad med strömpulsen.
Vi rapporterar prestandatest av det tidsupplösta kerr-instrumentet för magne-
tiseringsdynamiken i tunna permalloy - och FePd - filmer. De experimentella re-
sultaten för de ferromagnetiska resonans-peakarna har jämförts med beräknade
värden fr̊an Kittel.
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Chapter 1

Introduction

The transition of the magnetization of a magnetic material between two states
is a dynamical process occurring at fast time scales, called magnetization dy-
namics [1, 2]. The topic is of great interest in the scientific and technological
communities, involving magnetic data storage [3], random-access non-volatile
memories [4], spintronics-based logical devices [5] and neuroinspired computer
architectures [6].
The precession of the magnetization appearing in switching plays a great role
in the switching time, that can be drastically reduced with suppression of the
precession [7].
The time-resolved magneto-optical Kerr effect (TR-MOKE) microscopes, char-
acterized by high spatio-temporal resolution, are powerful systems able to re-
solve the dynamics of nanomagnets in patterned structures [2].
Here we have realized a flexible TR-MOKE instrument working with a strobo-
scopic electronic pump - optical probe technique, that can measure any magnetic
continuous film or patterned sample grown on transparent, double-side polished
substrates. The time and spatial resolution are 70ps and 5µm respectively.
We demonstrate dynamical measurements from Fe20Pd80 and Permalloy films.
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Chapter 2

Theory

2.1 Magneto-Optical Effects

The magneto-optical Faraday and Kerr effects were discovered in 1845 and 1888
respectively. The first describes the rotation of the plane of polarization for po-
larized light traveling through a magnetized medium, while the latter occurs
when linearly polarized light is reflected from the surface of a magnetized ma-
terial.
The magneto-optical effects occur due to the interaction between the electric
field of the incident light and the unpaired spins of valence electrons in a mag-
netic material [8]: A magnetized medium is anisotropic for the propagation
of light. Hence the components of linearly polarized light, the right circularly
polarized and left circularly polarized beams, travel with different velocities
causing a phase shift (Fig. 2.1) [9, 10].

Figure 2.1: Schematic illustration of the Kerr and Faraday effects for linearly
polarized light incident on a magnetized semi-transparent medium.
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Three different responses can be observed for the Kerr effect depending on
the geometry: They are referred as polar, longitudinal and transverse Kerr
effects, schematized in Fig. 2.2. The polar phenomenon occurs if the magnetic
moment M is normal to the specimen’s surface, while the longitudinal Kerr
effect can be observed if M is parallel to both the sample’s surface and the
plane of incident light. The polar and the longitudinal effects both produce a
complex rotation of the plane of polarization of the linearly p- or s- polarized
incident light and result in an elliptically polarized reflected beam [2].

For a given angle of incidence of the light the Kerr signal is proportional to
M [11].

Conversely the transverse effect arises only for p- polarized incident light
when M is parallel to the sample’s surface and perpendicular to the plane of
incidence. The polarization is not rotated, but the intensity of the reflected
light depends on the magnitude and the sign of M [9, 12].

Figure 2.2: MOKE configurations classified by the direction of the magnetization
and the plane of incidence of light.

The Magneto-Optical Kerr effects are exploited for versatile techniques in
nondestructive investigations of ferromagnetic materials. Examples of applica-
tions are hysteresis M-H loops, maps of the magnetic domains and investigations
of the precessional dynamics of magnetization [8, 2, 13].

2.2 Magnetic Hysteresis

The hysteresis curve of a magnetic material is the closed curve relating the mag-
netization M and the magnetic field H. After an initial magnetization curve, the
hysteresis loop is obtained periodically reversing the direction of H. A typical
shape of the loop is schematized in Fig. 2.3. The saturation of magnetization,
MS , is the maximum value of M , which is approached asymptotically when H is
increased. The intersection of the curve with the ordinate axis is the remanence
field MR: It is the magnetization retained by the material when H is reduced
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to zero after saturation. The intersection with the abscissa axis is the coercivity
HC , representing the field that has to be applied in the reverse direction to
reduce the magnetization of the sample to zero [14].

 H

 M
MS

-MS

MR

-MR

HC-HC

Figure 2.3: Schematic illustration of the hysteresis curve of a ferromagnetic
material.

The hysteresis loops are also characterized by the shape of the magnetic ma-
terials. For example circular islands of material with dimensions in the nanoscale
region can result in magnetic vortices as ground state. The magnetic vortices
are composed by a central core with curling magnetizations around it.
A schematic example of a possible hysteresis loop of a vortex is shown in Fig.
2.4. Two critical fields appear in the hysteresis loop: The annihilation field
HAN and the nucleation field HN . When the magnetic field reaches HAN the
vortex is pushed out from the magnetic nanostructure and the magnetization
approaches a maximum value. When H is reduced to the lower field HN the
vortex is restored [15].
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Figure 2.4: Schematic illustration of the magnetization response of magnetic
vortices in circular islands [15].

2.3 Larmor Precession and Ferromagnetic Res-
onance

The Larmor precession can be described considering a system of electrons of a
single atom, moving in the electric field of the nucleus. If the system is in a
sufficiently weak, uniform magnetic field HB , the work and the time average of
the magnetic force acting on the system is zero. However the averaged moment
of the force differs from zero and is

~K =
∑

e · (~r × (~v × ~HB))

It can be expressed in terms of the magnetic moment ~M of the system

~K = −γ ~M × ~H

here γ =
ge

2m
is the gyromagnetic ratio and with g Landé factor, m and e the

electron mass and charge. The presence of ~HB induces a precessional motion
of ~M around the direction of ~HB (Fig. 2.5) described by the Landau-Lifshitz-
Gilbert equation:

dM

dt
= −γ ~M × ~H − λ ~M × ( ~M × ~H)

where λ is the damping coefficient. The angular frequency of the motion is
ω = −γ|H| and the frequency, known as Larmor frequency, is [16]

νL =
γ

2π
H (2.1)

Resonance occurs if an alternating magnetic field with frequency equal to fL
is applied normal to HB . Energy is then strongly absorbed from the alternating
field [17].
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M
HB

Figure 2.5: Precessional motion of an electron orbit around an applied field.
The oscillation can be excited by an alternating transverse field at the resonance
frequency.

The resonant condition in a ferromagnetic specimen is related to the demag-
netizing field Ms and depends to a great degree on the specimen’s shape. As an
example the Larmor equation is still valid for a small (in comparison with the
eddy current skin depth) sphere [18].
For a thin film with biasing field HB in the plane of the sample the ferromagnetic
resonance frequency is given by the Kittel’s formula [19]

νK = g
µB
h

√
(HB +HK)(HB +HK +MS) (2.2)

where HK is the anisotropy field, µB the Bohr magneton and h the Plank’s
constant.

2.4 Transmission Line

The ferromagnetic resonance of a sample can be excited by a magnetic field pulse
that is obtained around a conductor carrying a voltage pulse. This requires a
transmission line to transmit the high frequency components of the pulse.
A transmission line is a cable designed to carry electrical signals. Investigated
since the 19th century, it was used for electrical telegraphy. A transmission
line can be modeled with the lumped elements R, L, G and C, representing
respectively the cumulative amount of resistance, inductance, conductance and
capacitance. When the circuit dimension is bigger than the wavelengths of
the electromagnetic radiation, the Kirchoff’s laws can not be applied anymore
for the whole circuit. In this cases, the telegrapher’s equations, developed by
O.Heaviside, are used to model the propagation of high frequency electrical
current [20].
In the sinusoidal steady-state assumption, the telegrapher’s equations for voltage
and current can be written as the differential equations:

d2V (x)

dx2
− ϕ2V (x) = 0
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d2I(x)

dx2
− ϕ2I(x) = 0

where ϕ =
√

(R+ iωL)(G+ iωC).
The solutions are a superposition of waves propagating in the positive+ and

negative− direction of the line:

V (x) = V +
0 e−ϕx + V −

0 eϕx

I(x) =
V +

0

Z0
e−ϕx − V −

0

Z0
eϕx

where Z0 is the characteristic impedance of the line, defined as Z0 =
V +

I+
and

expressed as Z0 =

√
L

C
for a lossless line (R,G = 0) [1].

A transmission line of finite length, terminated with an impedance Zterm, pro-
ducers a reflected wave travelling backward from the termination to the source.
The amplitude of the reflected wave is given by the reflection coefficient:

ρ =
Zterm − Z0

Zterm + Z0

Depending on the values of the termination and the characteristic impedance,
the reflected wave can have same polarity (Zterm > Z0) than the incident wave,
or reversed polarity (Zterm < Z0). The reflection is zero only in the case Zterm =
Z0.
The impedance Z0 is hence used to terminate transmission lines in order to
prevent reflections that would compromise the propagation of the signal [21].
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Chapter 3

Setup Design and
Description

The Time-Resolved MOKE machine, sketched in Fig. 3.1, is equipped with two
pulsed laser diode heads one at 406 nm and one at 634 nm (model DeltaDiode
from Horiba Scientific). The laser beam is linearly polarized with the aid of
a Glan-Thompson polarizer (provided by Thorlabs) and directed into a micro-
scope objective by a right angle prism mirror. The spot size of the beam in
the focal point of the objective is 5µm. The beam reflected by the sample is
collimated by the reflective objective (NA = 0.55 from Edmund Optics) and
targeted by a second prism mirror to an analyzer homologous with the polar-
izer. The intensity after the analyzer is then probed by a photomultiplier. The
longitudinal MOKE measures the longitudinal magnetization as a variation of
the light intensity near the extinction point of the analyzer.
Magnetic hysteresis loops are measured by applying an alternating magnetic
field parallel to the plane of incidence with a quadrupole electromagnet. The
maximum field that can be provided is 30 mT with a resolution of 0.1 mT . We
measured hysteresis loops to calibrate the machine with the static response of
the sample.
For dynamical studies a micrometric coplanar waveguide placed beneath the
sample is used to generate fast magnetic fields through electronic pulses. The
pulse generator (model AVMR-1A-B from Atech Electrosystems) can produce
pulses up to 10 V with a width between 10 and 200 ns and 150 ps of rising time
(20%− 80%). The delay between the laser triggering signal and the pulse is ad-
justable with steps of 50 ∼ 100 ps. This is used for the pump-probe technique,
as explained subsequently.
A field perpendicular to the plane of incidence can be produced by the electro-
magnets to bias dynamical measures.
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(a)

(b) (c)

Figure 3.1: (a) Schematic illustration of the time-resolved L-MOKE instrument,
(b) optical table and (c) sample’s frame.

3.1 Sample

The design of the machine allow to measure thin films and nanopatterned mag-
netic materials deposited on transparent, double-side-polished substrates. The
samples are positioned face down and aligned on the waveguide: The measures
are conducted with the laser beam travelling through the transparent substrate.
In contrast to the documented [22, 1] technique of depositing the magnetic ma-
terial directly on the strip line, this design works with samples placed on the
waveguide. This offers the ability to measure samples that were not specifically
grown on waveguides, applying excitations along different directions, and pos-
sibility to combine the study with other techniques (e.g. FMR, PEEM, SEM).
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Furthermore, another important feature of this design is that the roughness of
the sample is not affected by the central line of the coplanar waveguide.
We measured a 30 nm thick permalloy (alloy of 80% nickel and 20% iron) and a
20 nm thick Fe20Pd80 film. Both sample have been previously covered with 10
nm of aluminium oxide for protection against oxidation and mechanical dam-
ages.
The Faraday effect can occur since the beam travels in the glass substrate. How-
ever we only observed a negligible effect, that does not affect the measurements.

3.2 Coplanar Waveguides

The measurement of the magnetization precessional dynamics requires the ex-
citation of the sample’s frequencies of resonance. Hence the excitation signal
has to contain frequencies in the resonant interval. For a metallic magnetic film
this range is about 1 to 10 GHz [1] depending on the material, the biasing field
strength and the film’s shape.
We excite the resonant frequencies of the sample by a magnetic field pulse, gen-
erated by a voltage pulse traveling through a grounded coplanar waveguide (Fig.
3.2) [2]. To minimize the attenuation and the distortion of the pulse through
the transmission line and the waveguide all the components impedances are
matched for 50Ω.
We adopted coplanar waveguides made of 200 nm thick gold deposited on GaAs
substrate. Three different geometries are used, with the transmission line widths
of 20, 30 and 50 µm. The use of high resistivity silicon (1000 Ω/cm) as substrate
has been abandoned after failing to achieve a low loss transmission due to cross
talking issues, as will be explained in the dedicated section. The micrometric
lines are tapered at the edges of the wafer toward the center to increase the
linewidth to 300 µm at the extremities. The dimensions of the coplanar waveg-
uides were calculated with the software TXLINE (from National Instruments)
so the impedance is matched for 50 Ω in every point along the taperisation. The
wider line ease the connection to coaxial cables through pressure mounted SMA
(SubMiniature A) coaxial end launch connectors (from Southwest Microwave).
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Figure 3.2: A FePd patterned sample on the tapered coplanar waveguide. The
waveguide is clamped to launch connectors and lays on an aluminum back plate.
The taperisation is visible at the two extremities of the line.

Silicon

Coplanar waveguide lines on high resistivity silicon substrate suffer from par-
asitic surface conduction that determines extremely high transmission losses.
The cause is to be found in a thin layer of native silicon dioxide grown on the
substrate before gold deposition. The oxide contains fixed positive charges with
density of the order of 1011cm−2, attracting electrons to the Si − SiO2 inter-
face [23]. This accumulation of charges produces a thin highly conductive layer,
that reduces the resistance of the silicon several orders of magnitude (Fig. 3.3)
[24, 25].

Figure 3.3: Schematic illustration of a silicon coplanar waveguide. The native
silicon oxide (with positive charges) induces a displacement of mobile electrons
near the silicon surface that reduces the resistivity of the silicon Rlat of several
orders of magnitudes.

There are low reflections from the waveguide for frequencies up to 20GHz.
However great losses in transmission are appearing starting from frequencies
much lower than a hundred of MHz, as seen in the virtual network analyser
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(VNA) plots in Fig. 3.4.

(a) (b)

Figure 3.4: (a) Transmission coefficient S12 and (b) reflection coefficient S11
for a 30µm waveguide on a high resistivity silicon substrate.

Gallium Arsenide

The transmission problem was solved by replacing silicon with gallium arsenide
as the waveguide’s substrate. The low reflections from the line tested with a
VNA instrument are plotted versus the frequencies in Fig. 3.5(a). An heaviside
step function measured after transmission through the waveguide, showing a
rising time of 200ps, is shown in Fig. 3.5 (b).

(a) (b)

Figure 3.5: (a) Reflection coefficient S11 for a 30µm waveguide on a gallium
arsenide (GaAs) substrate and (b) oscilloscope measure of an heaviside step
function after trasnmission through the waveguide.
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3.3 Scanning stage

Focusing the laser spot on the sample on top of the microscopic waveguide is a
challenging task, which becomes even more complicated given the fact that the
laser wavelength is at the edge of the visible spectrum.
The problem was solved by implementing a two stepper motor worm-gear stages
to move the sample holder and its structure (sample, waveguide and electro-
magnets) along horizontal and vertical direction. The horizontal stage (model
FCL50, Newport Corporation) has a nominal, unidirectional repeatability of
1.5µm and the vertical one (model MLJ050 from Thorlabs) of less than 10µm.
By scanning the sample while measuring the reflected beam’s intensity, highly
accurate reflectivity maps of the specimen were recorded and used for alignment
(Fig. 3.6). To achieve higher precision avoiding backslash effects, each row is
measured moving the horizontal stage at constant velocity always in the same
direction. The vertical stage is moved one step at the end of each row.

Figure 3.6: Measured reflectivity map of a permalloy sample. The waveguide
can be seen below the left column of the sample and in the magnification. The
two blue lines (width 17 µm each) represent the less reflective waveguide sub-
strate, visible between the central golden strip (width 30 µm) and the two golden
grounds (several millimeters wide). The square pathes are nanopatterned sur-
faces 0.4× 0.4 mm, the rectangles between the squares are permalloy films used
for alignment and calibration.

3.4 Pump-Probe Technique

The investigation of the precession of magnetization requires a sub-nanosecond
time resolution to capture transient events. In our experiment, we use an elec-
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tronic pump / optical probe system. The pump-probe technique (also referred
as stroboscopic method) was first used by A. Toepler in the 1860s to visualize
sound waves. He used a 2 µs electrical spark (pump) to produce a wave and
then trigger a photography (probe) after an electrical delay [26]. The state of
the system at different time intervals can then be recorded varying the delay
between pump and probe [27].
The time resolution of a pump-probe experiment is determined by the probe
duration, the smallest possible interval between two delay values and the jitter
of delay, pump and probe signals [1].
Our pump consists of a voltage pulse injected in the coplanar waveguide to pro-
duce a magnetic field. The pulse generator subsequently triggers a 70 ps laser
pulse that probes the magnetization of the sample. The internal time delay of
the generator has a 50 ∼ 100 ps resolution (the nominal resolution is better
than 0.15% of {| delay | +20 ns}) and the jitter of the instruments is negligible
compared to these figures. The precession of magnetization is studied iterating
the voltage pulse while shifting the probe delay (Fig. 3.7). The overall time
resolution is comprised between 70 ps and 100 ps.

Figure 3.7: Schematic illustration of the pump-probe stroboscopic technique.
Each iteration the probe (laser pulse) is triggered after an increased delay with
respect to the pump (voltage pulse), thus detecting the state of the system at
different time intervals.
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3.5 Lock-in

A lock-in amplifier (model SR830 from Stanford Research Systems) is used to
minimize the noise. It is possible to modulate either the laser pulse or both the
laser and the voltage pulse. While the first case is used to measure hysteresis
loops, reflectivity intensity and to align the sample, the latter leads to a higher
signal-to-noise-ratio in dynamic measures, allowing to subtract the background
light intensity.
The working principle of lock-in amplifiers is based on on the orthogonality of
sinusoidal functions:∫ ∆t

0

cos(2πν0t) · cos(2πνit)dt = δν0,νi ∆t� T0, Ti (3.1)

The signal A0 to be measured is modulated by a reference sinusoidal signal
Rνφ at a given frequency ν0 and phase φ0. The detected noisy values are then
multiplied by the reference Rνφ. Due to the orthogonality relation 3.1, the
integral of the multiplied signals is zero for all the measured frequencies νi,
carrying noise, except the modulation frequency ν0 that carries the information.
The result is then proportional to A0 ∗ cos(∆φ). If the phase difference ∆φ
between signal and reference is zero, signals mixed with noise thousands of
times larger can be accurately measured [28].
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Chapter 4

Machine calibration

The versatility of the MOKE instrument described above allows to perform
several different functions. The machine capabilities are exploited to study
the samples from different perspectives, to control the proper functioning of
components and for troubleshooting. Some possibilities are:

• All-optical imaging of the sample with the scanning stages;

• Static magnetic measurements with electromagnets;

• Static or slowly alternating localized magnetic field produced by current
through the waveguide;

• Dynamic magnetic studies using the aforementioned pump-probe tech-
nique.

The next paragraphs will describe the effectiveness in measuring hysteresis loops
using the electromagnets to apply fields, and the calibration of the waveguide,
accomplished applying direct current through the line.

4.1 Hysteresis Loops

The hysteresis loops arise from the nonlinear relation between the magnetic field
H and the magnetization M of a ferromagnetic material.
Hysteresis curves provide many information about magnetic properties of sam-
ples, beside being a convenient method to monitor the machine performance
(e.g. signal to noise ratio versus polarizer / analyzer orientation).
Two loops for a continuous film and for disks of Fe20Pd80 are reported in Fig.
4.1. The patterned sample is composed by circular islands 500 nm in diameter,
with a distance of 4000 nm between centres. The hysteresis loop reveals a mag-
netic vortex state of the disks.
Values of coercivity and saturation fields can be determined from the curves, as
well as the values of annihilation (vortex eradicated from the disk) and nucle-
ation fields (vortex reappeared in the disk) for the magnetic vortices.
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(a) (b)

Figure 4.1: Room temperature hysteresis loop recorded for two samples: (a)
Fe20Pd80 film, and (b) Fe20Pd80 disks (500 nm diameter, 4000 nm distance
center-to-center) exhibiting a magnetic vortex state.

4.2 Waveguide calibration

An electric current through the waveguide produces a magnetic field around the
line according to Ampere’s law. The relative intensity and direction of the field
has been simulated, in empty space, and is shown in Fig. 3.2.

Figure 4.2: A finite-element simulation of the magnetic field intensity (in arbi-
trary units) and direction, produced around the 30 µm waveguide.
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On top of the center of the line the field is parallel to the plane of the
waveguide and its intensity is maximal. Here is where the sample is positioned
to be measured in the longitudinal MOKE configuration. We measured a MOKE
signal of the magnetization of a thin film of permalloy, produced by a triangular
waveform current through the waveguide, with a slow 20 seconds period and
peaks of ±29 mA (Fig. 4.3).

Figure 4.3: MOKE signal produced by a triangular current wave in the line, with
58 mA peak-to-peak, in a permalloy film sample.

The magnetization in the permalloy specimen is greatest on top of the waveg-
uide, and then decreases disappearing at a distance of few hundreds of microm-
eters. A direct current produces a constant field that can be observed as an
horizontal shift in the hysteresis loop. In Fig. 4.4 the loops are shifted to the
left and to the right for positive and negative values of current respectively. The
effect is not visible 500 µm from the line, where the three loops overlap.
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(a) (b)

Figure 4.4: Hysteresis loops of a permalloy film. (a) The loops are measured
in the middle of the waveguide: The magnetic field H is offset due to the field
produced by the current in the 30 µm waveguide line. (b) Measured 500 µm
from the line: The loops overlap as the field from the line is damped.

This technique has been employed to calibrate the magnetic field H pro-
duced by the waveguides for the flowing electric current. The magnetic field
produced by a value of current has been calculated as the horizontal shift of the
hysteresis loop with respect to the loop without current, measured at the zero
magnetization point. The shift is observed for current differences as little as 5
mA, as seen in Fig.4.5.

(a) (b)

Figure 4.5: Loops for positive (a) and negative (b) values of current, increased
with 5 mA steps, compared to the unbiased loop in black.

The magnetic field around the line is proportional to the current in the
considered range of ±35 mA, as expected according to Ampere’s law. The
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proportionality constant depends on the line width, increasing for thinner lines,
as seen in Fig. 4.6.

Figure 4.6: Magnetic field versus current for three lines wide 20, 30 and 50 µm
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Chapter 5

Magnetization Dynamics

Using the pump-probe technique we measured fast magnetization dynamics
events, occurring in the order of hundreds of picoseconds. The torque to excite
the precession of magnetization was applied to the sample by a magnetic pulse,
parallel to the plane of incidence of the probing laser beam, with width in the
order of tens of nanoseconds, time-locked at 10 KHz.
Here we show measurements of the dynamic response of magnetization for two
films of Fe20Pd80 and permalloy. We applied biasing magnetic fields from 0
mT to 15 mT in the plane of the sample, perpendicularly to the plane of inci-
dence. The magnetic field pulse initially produces a sharp reorientation of the
magnetization of the sample, that is stronger at low biasing fields, and then
oscillations proving precession effects. The magnetization versus time is shown
in Fig. 5.1: The zero of time corresponds to the beginning of reorientation of
magnetization.
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(a)

(b)

Figure 5.1: Dynamic response of the magnetization in time domain and FFT
spectra of FePd (a) and Permalloy (b) films for different biasing fields. The zero
delay is set when the material respond to the pulse.

The fast Fourier transforms (FFT) of the ringing section indicates a single
major frequency of oscillation. This frequency shows a strong dependence on
the biasing field strength. In Fig. 5.2 the intensity of oscillation is plotted versus
the frequency and the biasing field. The frequency of ferromagnetic resonance
calculated for each sample with Kittel’s formula (2.2) is superimposed.
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(a)

(b)

Figure 5.2: Oscillation’s FFT intensity versus static field of FePd (a) and
Permalloy (b) films. The resonance frequencies calculated with Kittel’s formula
are shown for comparison (dashed line).

The experimental data are in agreement with the predicted values of reso-
nance. Kittel’s paramenters used for FePd were obtained with FMR analysis, for
Permalloy from reference [2]. The values are for FePd Landé factor g = 2.076,
anisotropy field HK = 2 mT and demagnetizing field MS = 569 mT . For
permalloy g = 2.2, HK = 2 mT , MS = 1000 mT have been used.
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Chapter 6

Conclusions and Outlook

We report on the construction of a time-resolved MOKE machine, based on
an electronic pump - optical probe method to detect the dynamics of magne-
tization. The instrument can measure magnetic thin films and nano-patterned
structures, grown on transparent, double side polished substrates. The samples
are placed on top of a coplanar waveguide and aligned using maps recorded by
measuring the intensity of the reflected laser beam while moving the samples.
We have used this instrument to measure the magnetization dynamics in FePd
and permalloy films: The experimental results for the precession’s frequency of
magnetization show excellent agreement with the predicted values of ferromag-
netic resonance.
Further improvement of the system can involve the use of a balanced detector
to improve the signal-to-noise ratio and replacement of the objective to increase
the spatial resolution and resolve the single-island-behaviour of nanostructures.
This will help acquiring data from patterned thin films which can provide an
insight to the dynamic behavior of coupled and uncoupled magnetic oscillators.
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