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Introduction

e The VLAST-P is a space detector designed to observe solar high-energy gamma rays and protons, operating in a
low-Earth, Sun-synchronous orbit at ~500 km altitude where it periodically encounters the South Atlantic Anomaly

(SAA).

e Space radiation triggers single-event effects (SEE) and total ionizing dose (TID) risk: individual heavy ions cause
transient logic upsets (SEU) or high-current locking states (SEL), while cumulative dose leads to progressive parametric
and noise degradation.
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e Ground-based heavy-ion irradiation tests are the standard methodology for validating electronics against these radiation
risks. However, conventional test setups often lack scalability and adequate tools to characterize active event recovery,
especially for SEL.
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e To address this, an FPGA-based heavy-ion irradiation test system was developed. It adopts a radiation-decoupled modu-

—

lar architecture, enabling real-time SEE detection and quantitative evaluation of TID-induced performance degradation.
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Performance Test

SEE Test Setup SEE Test Result TID Test & Results

Conducted using a %°Co facility, involving an
e Conditions: Two configurations with the same  ® SEL Immunity: No SEL occurred in either initial 10 krad dose, an intermediate annealing

ion range of 30.3 pm (LET in MeV-cm?2 /mg, flux AD9266 or THS4524 under LET = 15 and  process, and a subsequent 30 krad over-irradiation
in ions/(cm?-s)): 37 MeV - cm?/mg with stable currents. (dose rate: 5 krad/h, non-uniformity < 10%).
(1) LET 15: Cl ions (109 MeV), flux ~ 4.54 x ¢ Current Monitored: Operating currents un- THSA524
10*, fluence 1.70 x 10° ions/cm?; der LET = 37 for AD9266 (left) and THS4524
(2) LET 37: Ge ions (205 MéV), flux ~ 5.74 x (right) are shown below. Parameter Pre-rad Post-rad Over-rad
10%, fluence 1 x 107 ions/cm?. B o — Icc 417 mA  5.83 mA 4.5 mA
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Conclusion

e System Architecture: Radiation-decoupled DAQ with FPGA-based dual-layer self-recovery, ensuring safe and real-time DUT evaluation.

e SEE Resilience: Tested up to LET 37 MeV - cm? /mg. Achieved zero SEL and autonomously resolved 45 SEUs without manual intervention.

e TID Tolerance: No functional failure was observed, while some parameters showed limited degradation and partial recovery after annealing/over-irradiation.
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