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Note: Vectorial-magneto optical Kerr effect technique combined with variable
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Here, we report on a versatile full angular resolved/broad temperature range/vectorial magneto optical
Kerr effect (MOKE) magnetometer, named TRISTAN. Its versatility relies on its capacity to probe
temperature and angular dependencies of magnetization reversal processes without the need to do
any intervention on the apparatus during measurements. The setup is a combination of a vectorial
MOKE bench and a cryostat with optical access. The cryostat has a motorized rotatable sample
holder with azimuthal correction. It allows for simultaneous and quantitative acquisition of the
two in-plane magnetization components during the hysteresis loop at different temperatures from
4 K up to 500 K and in the whole angular range, without neither changing magnet orientation
nor opening the cryostat. Measurements performed in a model system with competing collinear
biaxial and uniaxial contributions are presented to illustrate its capabilities. C 2015 AIP Publishing
LLC. [http://dx.doi.org/10.1063/1.4919411]

Magneto-optical Kerr effect (MOKE) is widely applied
in nanomagnetism research,1–4 because of its high sensitivity
(down to nanometer thickness), vanishing substrate effects
(limited penetration depth), immunity to external fields
(photon-in/photon-out approach), and relatively simple imple-
mentation. Different Kerr geometries can be used to obtain
the different components of magnetization with respect to the
applied external field. This normally requires tedious phys-
ical changing of optical components, magnet, and/or sample
orientation with respect to the optical plane to complete a
single vectorial measurement.5–7 We have recently presented
a vectorial MOKE (v-MOKE) setup which provides simul-
taneously and quantitatively the two in-plane magnetization
components during the hysteresis loop for a given orientation,
allowing full angular studies.8 It is able to perform automated
angular-dependent magnetic measurements of different mag-
netic nanostructures at room temperature (RT),9–15 without
the need to change the Kerr geometry. When control over
temperature is also required, a cryostat must be used. Physical
changes, including reflection plane fixing, would then become
very difficult, specially when studying magnetic symmetries
where angular dependent measurements are needed, and the
process must be repeated for each angle in the whole angular
range and for each selected temperature.

In this note, we present a variable-temperature vectorial-
Kerr magnetometer, named TRISTAN, that solves these incon-
veniences. The setup allows full angular range rotation of
the sample under controlled temperature, from liquid He-
lium up to 500 K, and the simultaneous acquisition of the
two in-plane magnetization components, i.e., parallel M∥ and
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perpendicular M⊥ to the external magnetic field µ0H , for
any given temperature T and sample orientation αH . The
measurement process can be carried out in a continuous fully
automated way without the need for optical realignment or
breaking vacuum. Automation of the process allows to pro-
gram experiments with different temperature ramps, measure-
ment intervals, field cooling options, as well as with different
applied field sweep rates and angular ranges.

The general diagram of TRISTAN instrument is shown
in Fig. 1. It consists of a vectorial MOKE setup externally
mounted in front of a backflow 4He cryostat with optical access
(window). The window is at the end of a cylindrical nose
that extends some centimeters away from the main cryostat
body, around which the external electromagnet is located. The
sample is located inside the cryostat just behind this window,
supported by the sample holder which is in thermal contact
with a cold finger located in the main body of the cryostat.
The sample can be set at a certain controlled temperature by
the combined action of the helium flow through the cold finger
(controlled with an electromechanical valve located in the 4He
backflow pump) and the current on a heating filament in ther-
mal contact with it. The sample holder can be in situ rotated by
360◦ and it has been implemented with a tilt-adjustable device
to keep fixed the reflection plane upon sample rotation. This
is adjusted before closing the cryostat, and no re-adjustments
are required even after changing temperatures over the whole
temperature range. The miniaturization of these parts is very
important in order not to increase the magnet’s gap required
to enclose the cryostat nose, avoiding a dramatic reduction of
the external field applied. The MOKE optical bench setup is of
the vectorial type, based on twin photodiodes.8 Electromagnet
driving, temperature control, axis rotation, and signal acquisi-
tion are based on specific electronics connected via GPIB to
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FIG. 1. Schematic layout of TRISTAN main parts, with the cryogenic line
(top left quadrant), the vacuum line (top right), the cryostat (middle), and the
optical bench with the optical components (bottom).

a computer, with software developed on purpose to automate
the control of the instruments and the measurement process.

The cryostat is a single casing (vacuum shield with radi-
ation shield) CryoVac GmbH KONTI Cryostat Micro of the
liquid helium backflow type, modified on purpose in the fac-
tory according to our specifications, to suit our needs: in situ
rotary motion under controlled temperature and vacuum condi-
tions with a 25 mm diameter optical access window located
at the end of a cylindrical extension (the nose). To excite
the sample, an external 31 mm gap electromagnet from evico
magnetics GmbH is located around this extension, without
contacting the cryostat or the optical bench. Vacuum better
than 10−7 millibars inside the cryostat is obtained by using a
small turbo-molecular pump with membrane backing pump.

The cryogenic liquid is pumped using a backflow ro-
tary vane pump with an electromagnetic valve to control the
flow. Vacuum and liquid He hoses have been provided with
ballast to avoid vibrations coming from the pumps. Electrical
feedthroughs for temperature sensors, heater, and additional
contacts are also provided in the cryostat. The sample holder
is attached to a rotary axis that can be actuated to the desired
angle. Four flexible oxygen-free Cu braids put the sample
holder in thermal contact with the cold finger, acting efficiently
as heat exchanger and allowing the required sample rotation.
Two temperature sensors are located in the heat exchanger and
in the sample holder neck. Fast and efficient stabilization of
the temperature in the sample is obtained by the combined
action of the heater filament located in the heat exchanger and
the cryogenic flow, controlled by a PID (proportional-integral-
derivative) electronic device.

Some additional modifications have been developed in
our laboratory to improve the capabilities of the cryostat. We
have designed and built a 15 mm diameter eucentric stage, to
replace the original sample holder, with a set of screws and

springs to keep fixed the reflection plane upon sample rotation
and without breaking thermal contact. A third temperature
sensor is located in the sample holder just at the position of
the sample clamp. An additional structure to support the motor
assembly in the rotary knob at the rear part of the cryostat
has been designed and built. The cryostat is fixed with a base
placed in the middle of one side of the optical bench and with
the nose axis pointing to the center of the bench. The base
includes adjustable micrometric XYZ translation stages. The
optical bench is provided with passive pneumatic dumpers to
minimize building vibrations (in the range of 0.1–10 Hz).

In order to illustrate the capabilities of TRISTAN, we
present measurements performed in a model Fe(001) thin film
with competing collinear four-fold (biaxial) and two-fold (uni-
axial) anisotropy contributions. The Fe film was grown at
oblique incidence on a MgO(100) single crystal in order to
induce magnetic symmetry breaking effects. The cubic crystal
structure of the Fe(001) film promotes an in-plane biaxial
(four-fold) magnetic anisotropy with magnetic easy axes at
[100] and [010] directions. Oblique deposition gives rise to
an additional in-plane (two-fold) uniaxial magnetic anisotropy
with the anisotropy axis oriented perpendicular to the deposi-
tion direction.16

In general, the competition between four-fold and two-
fold anisotropy contributions depends on intrinsic parame-
ters, such as angle of deposition,16 substrate step density,17

and ferromagnetic thicknesses18 and/or extrinsic ones, such as
temperature. Different temperature dependences would result
in a spin-reorientation transition. In our case, at RT, the ex-
pected four-fold (biaxial) magnetic symmetry of the Fe(001)
film is broken by an additional two-fold (uniaxial) contribution
with the easy axis aligned with one of the easy axes of the
biaxial one, referred as e.a.I. The effect of this uniaxial contri-
bution vanishes as temperature decreases. Detailed discussion
of thermal effects on magnetic symmetries will be reported

FIG. 2. Representative temperature dependent in-plane resolved hysteresis
loops at two selected angles, e.a.I. (left graphs) and −25◦ off e.a.I (right
graphs) of a Fe(001) film with competing collinear biaxial and growth-
induced uniaxial anisotropies. M∥(H,T ) and M⊥(H,T ) loops are repre-
sented by filled and empty symbols, respectively. Notice the change of
reversal pathway from above 60 K at αH =−25◦.
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elsewhere. Here, we show relevant experimental data in order
to illustrate the capabilities of the setup.

Representative temperature-dependent in-plane vectorial
resolved hysteresis loops acquired at two different angles are
shown in Fig. 2. αH = 0◦ refers to the in-plane [100] crys-
tal direction of the Fe(001) film aligned parallel to the field
direction. The angles have been selected in order to show two
very different temperature evolutions in the same magnetic
system. For αH = 0◦, i.e., at e.a.I, the shape of the hysteresis
loop does not vary with T, whereas its coercivity HC decreases
as temperature increases (left graphs of Fig. 2). This behav-
iour is the expected one for thermally activated processes.
For all temperatures, one irreversible transition with a negli-
gible perpendicular component indicates that the reversal takes
place via nucleation of antiparallel domains aligned with the
anisotropy axis and fast propagation of 180◦ domain walls
(DWs). Therefore, thermally assisted reversal would explain
the temperature evolution without introducing any symmetry-
breaking effect.

A very different scenario is found at αH = +25◦ (right
graphs of Fig. 2), where different magnetization reversal path-
ways are found. In particular, both parallel and perpendicular
components show that the reversal takes place via two consec-
utive irreversible transitions and one irreversible transition
below and above 60 K, respectively. The former is charac-
teristic of well-defined biaxial (four-fold) magnetic anisot-
ropy systems, where each irreversible transition corresponds
to nucleation and further 90◦ DW propagation, as expected
for a Fe(001) film. In the two temperature ranges, the reversal
fields decrease as the temperature increases, i.e., thermally
activated processes. The magnetization reverses via nucleation
and further 90◦ (180◦) DW propagation below (above) the crit-
ical temperature. Therefore, the low temperature biaxial mag-
netic anisotropy is dominated by another anisotropy contri-
bution at high temperature. In fact, the film was grown at
oblique incidence on purpose, in order to induce this addi-
tional uniaxial magnetic anisotropy. The full understanding of
this temperature-dependent symmetry-breaking effect hence
requires both temperature and angle dependent measurements.

In summary, we have introduced a versatile automated
variable-temperature vectorial-MOKE setup, named TRIS-
TAN, with working temperature range from 4 K to 500 K and
full angular range. TRISTAN provides simultaneous and quan-
titative vectorial capability for any given angle and temper-
ature and allows to carry out detailed angular and tempera-
ture experiments of magnetic nanostructures under controlled
conditions (temperature, magnetic history, field cooling, dy-
namics, and signal switching). TRISTAN allows extracting
relevant magnetic parameters from the vectorial-resolved
hysteresis curves acquired at different temperatures and

angles. More remarkably the set-up provides direct views on
magnetization reversal processes and magnetic transitions,
enabling us to unravel magnetic symmetry-breaking effects of
magnetic nanostructures.
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