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Simulation Study on Intense Pulse Nuclear Radiation Detectors
with Ferroelectric Materials
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Abstract: Based on the working principle of a ferroelectric radiation detector and the response
of the read out circuit, the electrical signal as a function of material properties and the wave-forms
of radiation field was developed theoretically. A code based on GEANT4 was adopted to simulate
the energy depositions of the CFBR-II leakage neutrons and gammas in three typical ferroelectric
materials, including lanthanum lead zirconate titanate PLZT ceramics, lithium tantalate single
crystal, and polyvinylidene fluoride films, of which the theoretical properties as nuclear detectors
were obtained. To detect the radiation field of the CFBR-II reactor, the levels of sensitivity is
approximately in the range of 10 10%" C:m™, and results were confirmed by experiments.

Although the polyvinylidene fluoride detector has the lowest sensitivity, it still have the potential to
be used for fast neutron wave-from detections due to the singnal mainly contributed by neutrons.
Key words: Ferroelectric materials, Nuclear radiation detectors, Pyroelectric effect
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Table 1 Key Properties of Typical Ferroelectric Materials
h E PLZT LiTaO; PVDF
p P /10° kg‘m’: - 7.8 7.45 1.78
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Table 2 Doping Effects of Boron or Lithium Fluoride on
the Energy Depositions in PVDF

CFBR-II
/%
/10° eV /10° eV
0 8.34 1.53
2 8.46 1.54
PVDF 4 8.46 1.56
8 8.55 1.55
0 8.34 1.53
2 8.47 1.54
PVDF 4 8.76 1.56
8 9.07 1.58
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