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Abstract

FLASH radiotherapy delivers ultra-high dose rates (=40 Gy/s) within hundreds of milliseconds, sparing normal
tissues while effectively killing tumors. However, conventional X-ray devices suffer from low dose rates and
slow multi-angle switching, hindering clinical translation. This study addresses these bottlenecks by develop-
ing a static multi-angle FLASH X-ray apparatus. Key innovations include: a compact high-current (=400 mA)
standing-wave accelerating tube and a high-speed rotating bremsstrahlung target, achieving a single-tube
dose rate =40 Gy/s at 80 cm SSD; a supercapacitor-based solid-state pulse modulator providing 300 kW instan-
taneous power and an FPGA-based multi-channel synchronized control system; and a static gantry integrating
five fixed X-ray sources with a 1-to-5 microwave power distribution network, eliminating the speed limitation
of mechanical rotation. An advanced prototype is expected to be established, providing essential equipment
support for clinical translation of FLASH radiotherapy and promoting independent innovation of high-end
radiotherapy devices in China.
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