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Modeling and Simulation Method of Radiation Effect of
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(School of Computer Science and Technology , Xidian University, Xi’an, Shaanxi 710071, China)

Abstract: The analog-to-digital converter (ADC), a key component bridging the analog and digital signal domains, is
critical to the interface between these domains. However, existing research falls short in providing comprehensive models
that take into account radiation effects on ADCs. To address the demands of simulating radiation effects in large-scale
mixed-signal systems, this paper presents a method for developing behavioral-level models of ADCs that embody radiation
effects. The paper begins by dividing the ADC into its constituent generic modules based on its working principles, and es-
tablishing behavioral models for each module using the very high speed integrated circuit hardware description language for
analog and mixed signals (VHDL-AMS). These modules are then dynamically assembled according to fundamental princi-
ples to form the baseline ADC model under non-irradiated conditions. To address the radiation effects on ADCs, irradiation
experiments were conducted to quantify the performance parameters of two ADC chips, HWD7710 and SAD9434, under to-
tal ionizing dose (TID) and neutron radiation (NR) exposure. The operating parameters affected by these radiation effects
were meticulously measured. Least squares regression was then used to derive equations correlating the functional parame-
ters of the ADC with radiation dose. Finally, TID and NR models for two different structured ADCs were developed by in-
corporating radiation parameter modules into the basic model based on the radiation relation equations. The universality and

accuracy of the constructed ADC radiation effect model was verified by comparing the simulated results with experimental
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data. The relative deviation between the static parameter simulation results and the experimental results was within 5%. The

results show that this method supports the modeling of radiation effects for various ADCs and multiple radiation effects.
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OUT REAL) IS —-#F##5 X

2. Uniform(seedl,seed2,rand) //35) 534

3. x:=(lefi—right) X (rand + right) // X [f] ¥4
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4 Off_error:REAL:=0.0 /i F%i% 22

5. FS_error:REAL:=1.0) /T Z| iR 25(1.0 /R TR 22)
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TRICAL_REF //4 i) H ]
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E L
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23.  ENDIF
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—0.53) /MR 15 2 v —F 4 S RO 0045 25 L
11.  CONSTANT FS_error_fit_flu:REAL_VECTOR:=(2.6x10"",
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4.1.1 TIDMMLERTEE

AT 3 AN [ 5] 2 25 200 Gy (300 Gy 500 Gy
TR ADC 25 1F B A TAE R IR T H
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