ID:#175 25th IEEE Real Time Conference
25/05/2026-29/05/2026 La Biodola, Elba, Italy

) 4 7, g Design and Implementation of a Space Radiation
Microdosimetric Detection Prototype

Xiaoyan Gao', Xianghong Jia', Quanqi Shil, Pengzhi Hel, Shuo Wang?, Xiaoli Wang?, Deng Liang', Shucheng Shi’
1 School of Space Science and Technology, Institute of Space Sciences, Shandong University, Weihai

2 School of Nuclear Science, Energy and Power Engineering, Shandong University

3 School of Airspace Science and Engineering, Shandong University, Weihai

INTRODUCTION REAL-TIME READOUT SYSTEM
Space Radiation Environment and lts Sources: Based on a Xilinx Kria K26 SOM (Zynq UltraScale+ MPSoC), a modular synchronized readout
» SPE (Solar Particle Event): Protons system integrates multi-rail power supply, detector configuration, timing control, data alignment,
» GCR (Galactic Cosmic Ray): Protons, a continuous image acquisition, and high-speed transmission.
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[Ray Ladbury, 2017] p+ o HZE acquired data.

Advantages of the board-to-board direct connection:
» Detector Alignment

Charged-particle energy deposition in DNA may »> Shortened Signal Transmission Paths

Fig.1. Space Radiation Environment (Source: NASA) PS side: Receives configuration information

and transmits data.
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are important tools for studying microscopic Stiter % Bist - e il is equal to the single-
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energy deposition and related biological effects. Aenment) g Allgument row readout time (0.94
Fig. 6.Pixel Data flow Fig. 7.Rolling Shutter Mode MS).
STACKED PIXEL DETECTOR DARK FRAME UNIFORMITY PROTON BEAM IRRADIATION

STRUCTURE The same detector was mounted on the upper | Proton beam irradiation experiments were

and lower PCBs to acquire dark-field mean conducted using the Varian ProBeam system.

A stacked silicon pixel detector system with =, 005 from which the row/column means and = The prototype was placed on the treatment couch,

an integrated microfluidic cell-culture chip has

o RMS values were calculated. with the detector sensitive region center laterally
:)ne_ern q _crI:vteIopted t gor ) dgp?Cﬁ ﬁraczlatloz o Row-wise/Colurn-wise Mean of Darl Frames offset by approximately 120 mm from the beam
hL;(r;nce)mocsellIseartytheomiscrch)rr)]/etr: slsallz efiects o 3 0 e e tieeh axis. The vertical distances from the beam exit
' £ L e e tren window to the upper and lower detector planes
 —— were 657.55 mm and 682.45 mm, respectively.
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' The prototype system was irradiated with ®°Co
poardio-board Bard-oboard | ANA 2°Sr sources to evaluate its response to y-
comnector rays and B-particles. Proton Image ¢ |
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Fig. 3. Physical Layout of the Stacked Structure

Heavy lon Image Fig. 12.Proton Deposited Energy

Tab.l Silicon Pixel Detector Specifications Fig. 9. B-Particle Event Image Distribution
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e CONCLUSION
- . 125007 | BL_Co_900 (N=24238) I ——————————S
il aies i £ioooo § § oot O > The electronic system exhibits good baseline
Pixel Size 6.5 x 6.5 um’ 2 750 o0 G consistency and noise stability.
Total Pixels 2048 x 2048 § 5000 » The system can distinguish particle types and
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Fig. 10. Radioactive Source Deposited Energy upper and lower detectors have not yet been
Date Rate 4.8Gbps Distribution observed.
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