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AN ABSTRACT OF A DISSERTATION 

Expansion in low Earth orbit satellite constellations and interest in emerging 

advanced reactors are increasing the motivation to develop radiation-hardened (rad-

hard) electronics capable of surviving extreme temperature and radiation 

environments. The preponderate focus of rad-hard electronics research is the 

radiation effects on components, with limited focus on producing the complex 

circuits and systems required for instrumentation, control, communications, and 

robotics. There is a significant need for radiation-hardened electrical systems that 

survive well beyond the existing capabilities of commercially available radiation-

rated electronic components. Electronics have largely been developed for space 

applications, which have high dose rates but low total ionizing doses. In contrast, 

terrestrial nuclear applications require high total dose and high dose rate rad-hard 

electronics. For example, spent fuel storage casks contain hazardous radioactive 

material and provide radiation shielding with stainless-steel canisters often housed in 

concrete.  The sensors and associated electronics used to monitor spent fuel storage 

cask conditions and alert to failure, must survive high temperatures and radiation 

doses for extended time periods.    

Commercial electronics required for space applications are rated well below the 

doses required for extreme terrestrial nuclear applications. However, junction-gate 

field effect transistor (JFET) devices are inherently radiation hardened (exceeding 

1 MGy (Si)). When used as building blocks for sensing and communication electronics 

(i.e., oscillators, amplifiers, filters, and mixers), inherently radiation-hardened circuits 

can be achieved. However, the effects of radiation on passive components such as 

capacitors and cables must be considered when total doses exceed 10 kGy.  

To this end, JFET-based radiation-hardened electronics interfacing with cask-

embedded sensors capable of driving modulated sensor signals through a stainless-

steel barrier were designed, simulated, and tested during irradiation beyond 

2 MGy (Si) at a dose rate of ~5 kGy/h (Si). In this dissertation of radiation-sensitive 

components, both theory and simulations indicated that radiation induced 

capacitance deviations will create frequency drift errors in the local and sensor 

oscillator in the presented circuit. Both a local oscillator drift-tolerant demodulation 

scheme and a novel radiation frequency drift error mitigation strategy without 

additional hardware are presented in this dissertation. After 2 MGy (Si), the sensor 

and communication circuit signals were correctly decoded at the receiver, despite 

oscillator drift. Furthermore, the presented frequency drift error correction reduced 

the error from between 16--17% to less than 3.7%. The results from this dissertation 

demonstrate the potential to develop more complex rad-hard electrical systems for 

extreme radiation environments. 
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