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Radiation-hardened electronics  are indis pens able for the s ens ing and control s ys tems  of 
compact fus ion reactors , where intens e neutron radiation can caus e performance 
degradation, s ignal dis tortion, or even catas trophic failure of electronic components . 
Thes e failures  can s everely compromis e the accuracy and reliability of critical diagnos tic 
data. Millimeter-wave receivers , key elements  in fus ion reactor diagnos tics , demand 
intrins ica lly radiation-hardened electronics  to deliver precis e and dependable 
meas urements . In a  collaborative initiative, UC Davis  and Cornell have developed a 
prototype of compact millimeter-wave receivers  us ing gallium nitride (GaN), a  materia l 
renowned for its  inherent radiation res is tance owing to its  wide bandgap. 

The prototype GaN-bas ed millimeter-wave diagnos tic chip, des igned as  a  pas s ive 
receiver, operates  acros s  a  frequency range of 75 to 110 GHz and was  fabricated us ing 
HRL T3 proces s ing. A notable achievement is  the s ucces s ful demons tration of a  W-band 
GaN-bas ed s ys tem-on-chip receiver utilizing HRL T3's  40 nm GaN technology. This  
compact receiver chip, with dimens ions  of jus t 3 × 5 mm², integrates  es s ential 
components  s uch as  a  75– 110 GHz RF Low-Nois e Amplifier (LNA), mixer, Intermediate 
Frequency (IF) amplifier, and Local Os cillator (LO) chain. Furthermore, ongoing efforts  
are focus ed on advancing radiation-hardened electronics  for higher frequencies . 
Leveraging GaN-on-SiC technology, a  low-nois e amplifier operating at 104– 121 GHz has  
been developed, achieving a s aturated output power of 17.6 dBm for high s ignal-to-nois e 
ratio diagnos tics . Building on thes e s ucces s es , we are developing advanced radiation-
hardened millimeter-wave diagnos tic s olutions  tailored for Fus ion Plas ma Phys ics  (FPP) 
and future fus ion reactors , ens uring robus t and reliable diagnos tics  in extreme radiation 
environments . 
 
 
 
 


