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Abstract

To detect a trace of hazardous elements or radioactive elements in foods, soil, and human bodies, the energies and counts of X-ray
fluorescence photons emitted from those elements in them are measured by X-ray detectors with high energy resolution. In
commercial silicon drift detectors (SDD) with Si thickness of approximately 300 or 500 um, however, the absorption of cadmium
X-ray fluorescence (energy: 23.1 keV) is approximately 19% or 30%. On the other hand, its absorption becomes approximately
65% or 76% in 1500- or 2000-um-thick Si. In order for a lot of people to easily use X-ray fluorescence spectrometers on site, the
cost of X-ray detectors should be low and the detectors should be transportable. Therefore, we have proposed simple-structure Si
X-ray detectors with thicker high-resistivity Si substrates, which are able to be operated at reasonably low negative bias and cooled
by Peltier cooling.  Since the device structures are much simpler compared with commercial SDD and the detectors require only one
high voltage, the cost of the X-ray detection system can be reduced very much. We have simulated the electric potential
distribution within the proposed detectors and carried out fundamental experiments towards the realization of the detectors. In the
early stages of experiments, an energy resolution of 145 eV at 5.9 keV is measured from the *Fe source at a peaking time of 5 pis and
temperature of -35 °C with the proposed structure using a 625-um-thick and 10-kQ-cm Si substrate. Using a 100-um-diameter
pinhole and moving the detector in 100-um increments, the active area is mapped out, and is found to be approximately 18 mm?.
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