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OBJECTIVE:  The wavelength of radiofrequency electromagnetic fields in biological
tissue is in the millimeter range. For the detection of hot spots in the SAR, local temperature
increases as well as measurements close to solid boundaries, the availability of a
temperature probe with submillimeter dimensions would greatly improve the dosimetry for
in vivo and in vitro bioexperiments. Therefore the objective of this study was the
development of a novel dosimetric temperature sensor providing a spatial resolution of less
than 0.1mm3 and a sensitivity of better than 10mK (averaging time one second).

METHODS: The developed prototypes, which were manufactured by IMTEK, Freiburg,
were designed as thin-film, four wire thermistors. Each thermistor consists of an amorphous
germanium layer, which was evaporated with an electron gun to a thickness of 0.11µm on a
glass or silicon substrate. An amorphous semiconductor was chosen because of its quasi-
intrinsic behavior, yielding a high temperature coefficient of resistance (TCR). To connect
the thin-film layer with the bonding pads, highly resistive conduction paths were deposited
by evaporation of Titanium layers. The high resistance is required to reach RF immunity.
SiNx layers were finally used to passivate thin-film layers as well as the electrically
conducting lines to prevent any contamination.

RESULTS: The realized probe tips have the dimensions of 30mm x 0.4mm x 0.1mm with
an active area of the aGe-layer of 0.1mm x 0.05mm. About fifty probes fit on the area of the
wafer, which reduces the manufacturing costs per tip to less than 50$. The total resistance of
the sense feeding was determined to be 5MΩ and can be separated into 4.4MΩ for the aGe
layer and 0.3MΩ per Ti-lead. We used a 1.5V battery as the source, leading to measurement
currents of approximately 100nA. This guarantees the neglect of self-heating effects, which
are estimated to be less than 0.1mK. The sensor signal could be well linearized in the range
from 0°C –60°C with an exponential function for the resistance R according the equation

R(T) = R0exp(-T/T0).
Maximum absolute deviations of only 20mK from the Pt100 reference probe were achieved
with this kind of linearization. A TCR of -2%/K at 25°C was found for both substrates. The



noise level at 1sec integration time is 4mK, which leads to a SAR sensitivity of about
0.4W/kg in brain tissue or solutions. Hysteresis errors of 60mK were determined for three
times cycling of the temperature from 0°C to 40°C. If the whole probe is suddenly inserted
into liquid media, the thermal time constant is in the order of 10msec and will be even
smaller at temperature changes within a constant medium environment. This property
guarantees fast SAR measurements without any disturbances from heat flow processes. The
sensitivity to outer electric fields has been determined by placing the probe parallel to a
pulsed 900MHz electric field of 1kV/m over 50mm inside a rectangular waveguide. The
pulses could be seen on the signal output and its amplitude was about 2 times higher than
the noise level, which would correspond to a 10mK temperature change.

As an application for the sensor, the SAR distribution inside a Petri dish has been measured.
Good agreement between FDTD simulation and temperature measurements have been
achieved, whereas the results from a diode-loaded E-field probe, which is the most
miniaturized probe on the market, suffer in accuracy due to boundary effects from the bulk
of the probe tip.
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