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Abstract

High energy resolution, spatial resolution, and detection sensitivity are essential for improving single-photon
nuclear medicine imaging. Conventional Nal(Tl)-based scintillation cameras are widely used but limited by
their moderate energy resolution, while CdZnTe semiconductor detectors provide improved performance but
still face challenges related to cost and material growth. CsPbBr, perovskite semiconductors, featuring strong
y-ray stopping power, room-temperature operation, and potential cost-effectiveness, offer a promising route
toward next-generation y-ray cameras. In this work, we developed a pixelated CsPbBr; semiconductor detec-
tor system for 99mTc single-photon y-ray imaging. Through surface charge-collection optimization, pixelated
electrode design, multichannel readout, and depth correction, the detector achieved excellent spectroscopic
and imaging performance. The overall energy resolution reached 2.5% at 99mTc 141 keV and 1.0% at 137Cs
662 keV. Single-photon imaging using point and line 99mTc sources demonstrated sensitivities of 0.13%-0.21%
cps/Bq, and Derenzo phantom imaging resolved column sources with a spatial resolution of approximately
3.2-3.8 mm. These results demonstrate the feasibility of CsPbBr, perovskite detectors for nuclear medicine
y-ray imaging.

To further understand and optimize the detector response, we established a numerical framework for dynamic
charge induction and signal generation in pixelated perovskite semiconductor detectors. The framework inte-
grates Geant4-based energy deposition, finite-element electric-field and weighting-potential calculations, elec-
tron and hole transport tracking, Shockley—Ramo induced-charge modeling, and charge-sensitive amplifier
and CR-RC* shaping simulations. It enables physics-based reconstruction of real-time waveforms and energy
spectra, and provides insight into charge sharing, depth-dependent pulse formation, and position-dependent
charge collection loss. The simulated waveforms and spectra show good agreement with experimental ob-
servations. Moreover, by applying three-dimensional charge-loss correction, the simulated energy resolution
was improved from approximately 5.5% to 1.5%, indicating the potential of this framework for detector design
optimization, signal correction, and pulse-processing algorithm development. Overall, these studies establish



a coherent pathway from experimental device demonstration to physics-based signal modeling, supporting
the development of high-performance, low-cost perovskite semiconductor y-ray cameras for future nuclear
medicine applications.
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