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Front-end electronics equipped with high-speed digitizers are being used and proposed for future nuclear de-
tectors. Recent literature reveals that deep learning models, especially one-dimensional convolutional neural
networks, are promising when dealing with digital signals from nuclear detectors. Simulations and experi-
ments demonstrate the satisfactory accuracy and additional benefits of neural networks in this area. However,
specific hardware accelerating such models for online operations still needs to be studied. In this work, we
introduce PulseDL-II, a system-on-chip (SoC) specially designed for applications of event feature (time, en-
ergy, etc.) extraction from pulses with deep learning. Based on the previous version, PulseDL-II incorporates
a RISC CPU into the system structure for better functional flexibility and integrity. The neural network ac-
celerator in the SoC adopts a three-level (arithmetic unit, processing element, neural network) hierarchical
architecture and facilitates parameter optimization of the digital design. Furthermore, we devise a quanti-
zation scheme and associated implementation methods (rescale & bit-shift) for full compatibility with deep
learning frameworks (e.g., TensorFlow) within a selected subset of layer types. With the current scheme, the
quantization-aware training of neural networks is supported, and network models are automatically trans-
formed into software of RISC CPU by dedicated scripts, with nearly no loss of accuracy. We validate the
correct operations of PulseDL-II on field programmable gate arrays and show its improvements compared
with the previous version with respect to the performance, power and area. The chip will be taped out with
the TSMC 28/65 nm process.
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