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In-situ irradiation and simulation of real-time current response in bipolar junction transistors

under medium dose-rate y radiation
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ABSTRACT To investigate the real-time response characteristics of bipolar junction transistors (BJTs) under
medium dose-rate gamma irradiation in nuclear industrial environments, in-sifu irradiation experiments combined
with numerical simulations were performed. NPN BJTs were irradiated using a “Co gamma source, with real-time
electrical measurements performed over a dose-rate range of 10—300 rad(Si)/s. The results show that under cutoff

bias conditions, the increment of the collector-base reverse leakage current (Al

o) increases linearly with the dose-

rate, and the current rapidly recovers after irradiation is terminated. Geant4 simulations indicate that this dose-rate
dependence originates from the modulation of electron-hole pair generation rates in silicon. TCAD simulations
further reproduce the experimental observations and confirm that the linear relationship between Al.,, and dose-rate
agrees well with the Wirth-Rogers model. These results demonstrate that dose-rate is a critical factor governing the
real-time radiation response of BJTs, providing experimental and theoretical support for radiation-effect modeling

and real-time performance evaluation of semiconductor devices.

KEYWORDS Nuclear industry, Gamma radiation, Dose rate, Real-time response, Bipolar junction transistor
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Fig.2 Variation of the key current parameters of the device as a function of irradiation time under a dose-rate of 300 rad(Si)/s and
different bias conditions: (a) cut-off state; (b) active state (color online)
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Fig.4 (a) Schematic diagram of the layered structure (SisN4/SiO-/Si) used in Geant4 simulation; (b) depth distribution of
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