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1 Introduction

The aim of this Lab course is to learn how surfaces of ferromagnets change the
polarization state of reflected light. Several samples including single films and
multilayers will be investigated with respect to their magnetic properties. Using a
Kerr microscope magnetic domains in the samples will be visualized.

The lab course includes two days. On the first day calibrations are done and a single
film sample is characterized. On the second day interlayer exchange coupling values
for a multilayer system will be investigated. Finally, the set-up will be changed in
order to perform microscopy.

The present manual compiles a short introduction to methods and theory. The
study of the given references will be necessary in order to understand the physics
behind the method.

2 Keywords and questions for studies prior

to the lab course

Laserdiode, Photodiode, operational amplifier, Lock-In technique, magneto opti-
cal Kerr-effect/Faraday-effect, Kerr-microscope/magnetometer, magnetism, indi-
rect exchange coupling

• What is ferro-, para-, dia- and antiferromagnetism?

• Explain different geometries and variations of the magneto optical Kerr ef-
fect. What are the measured quantities?

• What are the relations between these quantities and the dielectric tensor?

• How does the material, film thickness, substrate and anti-reflex coatings
change the Kerr effect?

specially for the second day

• Explain the different types of magnetic coupling mechanisms.

• What is indirect exchange coupling? Explain the basic mechanism.

• What magnetization loops do you expect for a three layer system
(feromagnetic layer / paramagnetic layer / ferromagnetic layer?

• What is the thickness dependence of the interlayer exchange coupling?

• Explain the operation of a Kerr microscope.
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4 Tasks

1. Day:

1. Calibrate the electro magnet using a Hall sensor.

2. Adjust the hardware for the measurement of the magneto optical Kerr effect
(Adjustment of the laser diode, adjustment of the polarizer/analyzer, Phase
adjustment of the Lock-In amplifier, etc.).

3. Determine the relation between measurement signal UK and the rotation
angle of the polarization plane invoked by the compensator/modulator
(Advice: The adjustment at the analyzer has a range of 10 mm and rotates
the polarizer by 100)

4. Consider, how you can measure using the compensation method Kerr ellip-
ticity and rotation, ΘK and ΨK .

5. Measure using the compensation mode UK(B) vs external field for a non-
magnetic (Si) sample (determination of the zero effect). What is the origin
of the background signal?

6. Measure using the compensation mode UK(B) for a bulk Fe sample (trans-
former foil). Calculate ΘK , considering the background signal determined
previously.
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7. Add a λ/4-plate for the determination of the Kerr-ellipticity ΨK .

8. Measure ΨK for the Si-sample (background) and the Fe sample.

9. Additional task: Measure Kerr rotation and ellipticity for an unknown sam-
ple.

2. Day:

1. Investigate the Fe/Cr/Fe -multilayer sample. Determine magnetization loops
vs Cr interlayer thickness (0.15 mm steps on the sample).

2. Readjust the set-up as a Kerr Microscope.

3. Observe magnetic domains using the Kerr microscope on the multilayer sam-
ple on various positions on the sample. How large would you adjust the ex-
ternal field? In order to improve contrast you can use the PC software to
subtract a previously acquired background image from the domain image.

4.1 Report

1. Plot Figures of the calibration data for magnetic field and elliticity/rotation
of the Si sample.

2. Quantitative anaylsis of magneitzation loops (remanence, coercive field, sa-
turation value).

3. Discuss and compare magnetic properties of different materials. What is
special for the transformer foil?

4. Additional task: Discuss properties of the unknown sample.

5. Plot Figures for the magnetization loops of different Cr interlayer thickness
using the calibration and background information. Explain qualitatively the
observed magnetization loops. Determine the coupling constant J1 in the
case of antiferromagnetic coupling. Plot J1 vs Cr thickness (Advice: The
sample geometry is given on the storage box. Magnetic Fe moment: µ =
2, 217µB per atom.

6. Plot the domain images using background subtraction for different positions
and external fields.

5 Ferromagnetism

For an introduction into ferromagnetism you may read Chapter 8 of the book of
Ibach/Lüth (Festkörperphysik).
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Abbildung 1: Experimental setup

6 Experimental setup

The experimental setup is shown in Fig. 1. The setup enables both the magne-
tometer measurements and the Kerr microscopy. Fig. 1 shows the possibility of a
switch between both modes using a mirror. The mirror will not be used in the ex-
periment. Instead you have to readjust the optical components. Light is produced
by a solid state laser diode. The beam is polarized using a polarizer foil and focus-
sed on the sample using a lens. The sample holder allows for a height adjustment.
Mount the sample properly to measure magnetic properties as a function of the
interlayer thickness. Fig. 2 shows the electric circuitry.
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Abbildung 2: Electric circuits
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6.1 Magneto optics

Magneto optical effects describe the action of the magnetization on electromagnetic
waves, mostly in the visible light range.

The most important effect are the magneto optical Faraday- and Kerr effect. Both
effects describe a change of the polarization state of light interacting with matter.
Faraday effect describes the polarization change when the light is transmitted
through matter. Kerr effect is a similar effect when the light is reflected at a
surface. You will encounter both effects in this lab course. Polar, longitudinal
and transversal Kerr effect occur in different geometries dependent on the relative
orientation of magnetization and polarization. You should use the longitudinal
geometry.

6.2 Methods

The light from the laser diode is partly polarized. You have to adjust laser diode
and polarizer in order to get the maximum intensity. The light beam is focussed
on the sample using an optical lens. The magnetization state of the sample is
determined by the external field that is produced by an electro magnet. Adjust
the analyzer for minimum intensity at zero external field.

The compensator/modulator consists of a glass rod in the center of a solenoid. The
field produced by the solenoid rotates the polarization plane. The rotation angle is
proportional to the solenoid field, which in turn is proportional to the current. The
linearly polarized light then passes an analyzer. Considering an ideal analyzer, the
light amplitude after the analyzer is given by:

E = E0sinα ≈ E0α, (1)

where α denotes the angle between the polarization plane of the light before the
analyzer and the analyzer axis. The transmitted intensity is given by:

J = J0sin
2α ≈ J0α

2. (2)

The power amplifier produces an AC current component I(t) applied to the com-
pensator/modulator coil that is proportional to the AC control voltage Umod with
frequency ω that is delivered by the built-in oscillator of the Lock-In amplifier.

I(t) = I0sin(ωt). (3)

I(t) rotates the polarization plane according to:
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α ∝ I(t) = I0sinωt, (4)

In the case of an additional DC current I= the rotation angle is given by:

α ∝ I= + I0sinωt. (5)

The corresponding light intensity is:

J ∝ (I= + I0sinωt)2 = I2

= + 2I=I0 sinωt + I2

0 sin2 ωt

= I2

= + 2I=I0 sin(ωt) +
1

2
I2

0 (1 − cos 2ωt) (6)

Because the Kerr rotation is rather small, a Lock-In amplifier is needed in order
to detect the small intensity modulation. The Lock-In technique also eliminates
noise from surround light, which is dominated by a 50 Hz signal. Therefore it is
useful to choose a value of ω/2π that is far away from multiples of 50 Hz. The
Lock-In amplifier detects the frequency component ω of the light intensity that is
phase-locked with the modulation source and produces an output signal that is
proportional to this component. If the analyzer is adjusted for minimum intensity,
the light intensity shows a main frequency component of 2ω and the component
with frequency ω is zero. Then the Lock-In output is zero and when the integrator
is turned off the DC current I= = 0 is zero. In this case the light intensity observed
on the oscilloscope shows exclusively the 2ω component. A small rotation of the
analyzer results in a superposition of 2ω and ω components. A large rotation
suppresses the 2ω component completely.

Procedure for adjustment:

Turn off the external field. Turn off the integrator (switch at the front side of the
power amplifier).

Important: Do not switch on the integrator during adjustment, because this
device represents a feed-back loop that may cause a high current applied to the
compensator coil with the risk of overheating. Take care that the compensator
stays at a comfortable temperature. An overheating can also be caused by a too
large modulation amplitude Umod.

Adjust the laser diode (producing already partly linear polarized light) and polari-
zer to the intended polarization plane. Use the adjustment screw at the analyzer to
minimize the light intensity roughly. Use the oscilloscope to refine the adjustment
by detecting the light intensity. Misalign the analyzer (ca. half turn of the screw)
on purpose and observe that the Lock-In output. Adjust the phase setting at the
Lock-In amplifier to get zero output. Increase the phase by exactly 90 degrees in
order to get maximum output. Then turn the adjustment screw back to get zero
output.
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Now you can start the measurement:

Turn on the integrator and observe the Lock-In output. It should rapidly approach
zero. If it increases to the positive or negative maximum, you will have to turn off
the integrator again and add 180 degrees to the Lock-In phase setting and start
again. The integrator integrates the Lock-In output signal and produces the DC
current I= in the power amplifier that is proportional to the integrated Lock-In
output. I= causes a rotation of the polarization plane and thus compensates the
Kerr rotation caused by the reflection at the ferromagnetic sample. If the Lock-In
out stays at zero the integrator produces a constant DC current I=. The Kerr
rotation thus corresponds to an additional DC current through the compensa-
tor/modulator IK and the equilibrium condition is I= + IK = 0. Therefore, the
value of I= measured by the output voltage UDV M of the integrator is proportional
to the Kerr rotation (modulo sign).
(see also chapter 2 and 3 of the diploma thesis of M. Pratzer)

6.3 Results

You measure a magnetization loop UDV M (IMagnet), with UDV M being the reading
of the digital volt meter and IMagnet the current through the electro magnet. You
have to calibrate both values in order to plot the Kerr rotation (ellipticity) vs
magnetic field. The Labview program puts the data into a file using ascii format.
This allows further data processing with other appropriate programs, e.g. Origin.

Further hints for data processing can be found in the attachment (30. IFF Sum-
merschool)

6.4 Kerr microscope

The operating mode of a Kerr microscope is similar to the Kerr magnetometer, ex-
cept for an exchange of the detector unit. The compensator/modulator is omitted
and a CCD camera replaces the photodiode (see Fig. 3). You have to adjust the
lenses in the incident and reflected beam path in order to focus the sample surface
on the CCD device of the camera. Adjust the analyzer for minimum intensity and
then rotate the analyzer out of the minimum position until you reach roughly dou-
ble intensity compared to the minimum position. The Kerr rotation caused by the
sample increases or decreases the light intensity transmitted through the analyzer
depending on the direction of the Kerr rotation, which in turn is determined by
the local magnetization direction at the sample surface. Magnetic domains with
different magnetization direction show up as darker or brighter areas. This is more
easy to observe if you change the external magnetic field in order to move the
magnetic domains.

In order to improve the magnetic contrast, a reference image is subtracted from
the original image. The reference image is acquired in a saturated state with ho-
mogeneous magnetization. This operation eliminates the contrast originating from
topographical inhomogeneities.
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Abbildung 3: Sketch of the Kerr microscope

Abbildung 4: Example for calculated difference images
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