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Note: A wide temperature range MOKE system with annealing capability
Narpinder Singh Chahila) and G. J. Mankey
Department of Physics and Astronomy and MINT Center, The University of Alabama, Tuscaloosa,
Alabama 35487, USA

(Received 5 February 2017; accepted 11 July 2017; published online 21 July 2017)

A novel sample stage integrated with a longitudinal MOKE system has been developed for wide
temperature range measurements and annealing capabilities in the temperature range 65 K<T< 760 K.
The sample stage incorporates a removable platen and copper block with inserted cartridge heater and
two thermocouple sensors. It is supported and thermally coupled to a cold finger with two sapphire bars.
The sapphire based thermal coupling enables the system to perform at higher temperatures without
adversely affecting the cryostat and minimizes thermal drift in position. In this system the hysteresis
loops of magnetic samples can be measured simultaneously while annealing the sample in a magnetic
field. Published by AIP Publishing. [http://dx.doi.org/10.1063/1.4995418]

MOKE is used to measure magnetic hysteresis1,2 of thin
films. Longitudinal, transverse, and polar MOKE measure
components of magnetization parallel to an in-plane applied
magnetic field, perpendicular to an in-plane applied magnetic
field and parallel to the sample surface, or parallel to an out-of-
plane applied magnetic field, respectively. The setup presented
in this note employs the longitudinal geometry. Other geome-
tries can be accommodated with suitable modifications of the
optic path or magnet.

Sapphire-based thermal coupling has been employed for
sustaining higher temperature and obtaining rapid coiling rates
due to its temperature-dependent conductivity,4 in compari-
son to other materials whose conductivity remains constant
with respect to temperature. Commercially available vibrating
sample magnetometer systems5,6 use sample holders which
are constructed of materials such as quartz, boron nitride,
and brass. Direct heating of the sample with a sample mount
anchored to a heater is not possible, as the vibrating sample
magnetometer involves sample holder movement5,6 inside a
magnetic field which may also lead to uncertainties in temper-
ature measurements. In these systems, temperatures of above
300 K are achieved by flowing an exchange gas7 such as argon
or helium vapor into the sample tube that contains the sample
and sample mount.

In this report, we demonstrate a novel sample stage
and cryostat implemented with a longitudinal MOKE system
shown in Fig. 1 that can be used when the magnetic behavior
of thin films depends on their thermal processing history such
as annealing in a static magnetic field.3

The sample stage is completely supported by two sapphire
bars (Fig. 2, lower left) that are 5 cm long. This arrangement
minimizes changes in the sample position since the linear ther-
mal expansion coefficient of sapphire is small. Assuming that
the sapphire support is heated uniformly and using the tabu-
lated value of the thermal expansion coefficient of sapphire8

of α = 5.3 × 10�6 K�1, the sample stage is expected to move

a)Author to whom correspondence should be addressed: nschahil@
crimson.ua.edu

less than 0.2 mm over the 700 K temperature range of the
stage.

Since one end of sapphire is connected to the cold finger
and the other is connected to the heater, its change in length
will be smaller. Stainless steel has been previously used in
parallel combination with sapphire as a support material for
constructing sample stage for deep level transient spectroscopy
applications;4 however, this is an electrical measurement that
is not sensitive to sample movement. Since stainless steel has
a thermal expansion coefficient three times larger than that
of sapphire, the thermal drift in position is reduced in our
setup.

The sample stage contains a copper sample holder with a
mass of 61 g and dimensions 1.3 cm × 1.3 cm × 2.5 cm. A
guide constructed of 316 stainless steel is used to secure the
platen (sample is mounted on the platen) to the copper block
as shown in Fig. 2 (upper left). The common material for guide
and platen prevents any loosening of the sample platen due to
thermal expansion throughout the temperature range. The size
of the copper block and platen was chosen to minimize heat
loss, enable rapid heating with a low-power heater, and allow
the sample to be placed in the small, 1.3 cm gap between
the poles of the electromagnet. The sample holder is solely
supported by the two sapphire bars with dimensions 0.4 cm
× 0.4 cm × 5.2 cm. One end of each bar is clamped to the
sample holder with a machined copper mating block, and the
other end is clamped to the end of a cylindrical copper rod
with a similar mating block. The 2.5 cm diameter and 20.0 cm
long cylindrical copper rod is screwed to the end of a cryostat9

cold finger. The rod allows the cold head to be located at a
safe distance from the magnet to minimize magnetic forces on
the assembly when the magnetic field is applied. The system
is under medium vacuum produced by a 50 l/s oil-free turbo
pumping station.10 The thermocouple sensors are in contact
with the sample platen to facilitate accurate temperature mea-
surements. The relatively small thermal mass of the sample
holder with guides and platen of m = 65 g facilitates rapid
heating with a low power input. Temperature gradients are
minimized by constructing the body of the holder out of cop-
per. The system attains a maximum heating rate of 0.6 K/s for
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FIG. 1. Overview of MOKE system. The vertical sample is housed in a
stainless steel chamber with cold head located below the optics table.

an electrical power of 32 W applied to the cartridge heater,11

as shown in Fig. 3(a).
Using the mass of the sample heater and an estimated heat

capacity of the assembly, a maximum heating rate of 1.2 K/s
can be estimated from

dT
dt
=

dQ/dt
m c

, (1)

where m is thermal mass of the sample holder, dQ/dt is applied
power of 32 W, and c is specific heat. The measurement in
Fig. 3(a) shows that half of the heater power is lost through ther-
mal conduction through the sapphire bars and radiated heat.
Using the black body radiation formula and the surface area of
the assembly, the heat lost through radiation is found to be 1 W
at 432 K and 10 W at the maximum temperature of 760 K. The
greater heat loss through radiation at high temperature results
in a slight curling over of the linear curve near the maximum
temperature in Fig. 3(a).

The cold head must be kept on during the entire course
of the experiments to prevent overheating of the cold finger.
During the cooling process when the heater is turned off, the
temperature dependent thermal conductivity of sapphire bars
contributes to cooling and yields a higher cooling rate than
what is expected from radiation alone. The sample holder
exhibits exponential trends as shown in Fig. 3(a) with a maxi-
mum cooling rate 0.4 K/s during the cooling process with the
heater turned off.

To test the system’s annealing capability, the second ther-
mocouple was moved to the top of the cold head and the sample

FIG. 2. (Upper left) Sample stage showing removable platen with two grip-
ping holes at the top. (Lower left) Side view showing supporting copper rod,
40 mm of sapphire between the mating blocks and sample heater assembly
on top. (Right) Top view of the assembly in the vacuum chamber showing the
sample holder between the narrow gap of the electromagnet poles.

FIG. 3. (a) Typical heating and cooling rates of the sample. The heater power
was 32 W for the heating step and the heater was turned off during the cooling.
(b) Temperatures of the cold head and sample during a 5-h anneal at 577 K
and subsequent cool down.

was annealed at 577 K for 5 h in the presence of an applied
magnetic field of 0.3 T. As shown in Fig. 3(b), the temperature
was soaked at 577 K for 5 h, and after 5 h the system was
allowed to cool down by turning off the current to the sample
holder. During the 5 h 577 K annealing process, the cold head

FIG. 4. Hysteresis loops of a thin film Co sample at different temperatures
[(a)–(d)].
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temperature increased from 55 K to 222 K. The cold head tem-
perature must be kept below 400 K, since 429 K is the melting
point of indium used to seal the cold head to the cryostat. The
thermal conduction properties of sapphire4 ensure cold head
protection of the cryostat while the sample is annealed and
yield a higher cooling rate once the heater is turned off. The
use of a cold head with a higher cooling power would enable a
faster cool down, as it is evident that this is the limiting factor
in the cooling process.

To demonstrate the system’s measurement capability, hys-
teresis loops of a 20 nm Co–O/Co thin film sample were mea-
sured at different temperatures as shown in Fig. 4. Observed
features include an exchange bias and coercivity enhancement
at low temperatures due to the Co–O overlayer as well as a
reduction of the Kerr signal at high temperatures due to the
temperature dependent magnetization.

In summary, we have presented a unique sample stage
incorporated with MOKE system. It can tolerate high temper-
ature for long periods of time, it exhibits negligible sample
movement due to thermal expansion, and it yields fast cooling
and heating rates, and it has the ability to be used inside the

small gap of an electromagnet. The system is useful for inves-
tigating thermo-magnetic properties of thin films as a function
of annealing parameters.

We acknowledge MINT support through shared facilities
and assistance of the A&S Machine Shop personnel at The
University of Alabama.
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