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Summary:

This work is focused on developing magnetic field sensors that rely on the Hall effect and can operate
stably in extreme temperatures. We have achieved this by creating a Hall effect structure using indium
antimonide and a housing that can withstand an extremely wide range of operating temperatures. Our
device has been tested and proven to operate stably at high temperatures up to 350°C, as well as in
the cryogenic range using liquid helium. This is a significant milestone as no other magnetic field sen-
sor has been able to perform in such extreme temperature conditions.
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Motivation and state of the art

Magnetic field detection devices are highly val-
uable in many industries, thanks to the fact that
they can measure various quantities such as
position, movement, direction, and rotational
speed. Nowadays, there is a high demand for
electronics that can function reliably in harsh
environments[1], including those that can with-
stand extreme temperatures [2]. By the term
“extreme”, we mean mostly temperatures ex-
tremely high for electronics, in a mid-wide tem-
perature range from room temperature up to
high temperatures (above 200 °C), or extremely
high reaching 500 °C [3]. Traditional electronics
design often requires active or passive cooling,
but this may not always be practical or effective.
Hence, there is an increasing need for extreme
environment electronics, particularly in the au-
tomotive, defense, and energy industries. [4,5].
Magnetic field sensors have great potential in
high-temperature electronics. However, it's also
important to consider their performance in low
and cryogenic temperatures. A sensor that can
provide precise magnetic diagnostics in a wide
range of temperatures, from cryogenic tempera-
tures up to liquid helium (LHe), through room
temperature, and up to high temperatures,
would be highly valuable in the market. This
kind of sensor could be particularly useful for
space research vehicles that need to travel
through hot environments. A sensor that can
operate accurately in a wide temperature range
would offer new possibilities for diagnostic de-
vices in space.

We have found that research on semiconduc-
tor-based Hall sensors operating in extreme
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conditions is limited to a temperature range
from liquid nitrogen (LN) up to 350 °C [4]. On
the other hand, alternative solutions based on
monolayer graphene have been tested in the
LN — 500 °C range in a magnetic field below 1
T. Our research explores the potential of using
classic semiconductor thin-film material) as an
active layer for a Hall effect sensor capable of
measuring magnetic fields in extreme tempera-
ture ranges from liquid helium (LHe) tempera-
tures up to 350 °C. We have verified the usabil-
ity, thermal stability of our device and the linear-
ity of its signal in the magnetic field range
above 1 T. Additionally, we have proposed a
solution for the sensor package suitable for an
extremely wide range of work. We have devel-
oped a complete magnetic field sensor that can
meet industrial requirements, manufactured
using almost exclusively the academic infra-
structure of the Poznan University of Technolo-
gy. Our findings represent a significant step
forward in the development of magnetic diag-
nostic devices that can operate in a broadly
defined extreme environment.

Construction of a Hall sensor

The sensor consists of a Hall structure and an
extreme temperature housing. Fig. 1 shows a
real view of the series of fabricated devices.
The Hall structure itself is placed under the
white cover visible in Fig. 1, inside a ceramic
casing. The Hall structure inside is made of a
thin film of indium antimonide (InSb) doped with
tin donor in the process of flash evaporation
method. Details about the exact fabrication
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technology of the Hall structure are included in

Fig. 1. Hall effect sensors in housings, ready for
use at liquid helium temperatures, fabricated at Poz-
nan University of Technology. The square scale
under the sensors has a side of 10 mm.

The housing itself was made in accordance with
the descriptions in [4], introducing a modifica-
tion regarding the pins to simplify integration
with the measuring holder for a helium cryostat.

Results in a nutshell

The effects of work on a Hall effect sensor that
can function in extreme temperature conditions
were verified through a series of Hall effect
measurements utilizing three independent
measurement systems. For high-temperature
tests, a Linseis HCS 1 analyzer equipped with a
0.65 T permanent magnet was used. This was
supported by a galvanomagnetic effects meas-
urement system equipped with an electromag-
net that enabled a smooth transition in the
range of 0-0.65 T. These tests were previously
described in Ref. [4]. The purpose of the new
experiment was to measure the Hall effect at
low temperatures and in very strong magnetic
fields. The International Laboratory of Strong
Magnetic Fields and Low Temperatures, which
belongs to the Institute of Low Temperatures
and Structural Research Polish Academy of
Sciences, provided the necessary infrastructure
for the experiment. Bitter electromagnets were
used to generate a uniform, constant magnetic
field in the range of 0 - 15 T. The Bitter magnet
design allows the use of a liquid helium cryostat
insert. The results of the experiment showed
that the sensor signal (Hall voltage, UH) de-
pended linearly on the magnetic field induction
in the range of 0 - 1.2 T at a temperature of
approximately 5 K. The linear nature of the
dependence at extremely low temperatures was
confirmed by the results, together with the re-
search presented in Ref. [4]. The study will be
further supplemented with the results of Hall
effect measurements in a magnetic field above
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10 T, both at room temperature and at liquid
helium temperature.
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Fig. 2. Dependence of the Hall sensor signal on
the magnetic field induction at the temperature of
liquid helium.

The usefulness of the modified housing for ap-
plications in extreme environments was con-
firmed, making our sensor the first Hall sensor
capable of stable operation in the temperature
range from approximately -268 °C to 350 °C.
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