
 
 

 

   
 

 
 

PhD thesis project 

Cryogenic exploration of 1/f and Random Telegraph 
noise effects in advanced transistors used in 

Quantum System control/readout Electronics 

_______________________________________________________ 
General Scope:  

With the CMOS transistor downscaling, low-frequency noise (LFN) or “1/f noise” due to charge trapping/ 
detrapping in gate dielectric interface defects has become increasingly important, as its amplitude is inversely 
proportional to the gate area, thus limiting the performance of mainly analog and mixed signal circuits [1]. For 
nano-scale transistors, another type of fluctuation appears, called "Random Telegraph Noise" (RTN), due to 
the activity of only a handful of traps. RTN consists of sudden, high-amplitude transitions of the current, which 
can jeopardize the stability of memory cells [2] and the precision of imager circuits. Counterintuitively, not only 
both LFN and RTN present at deep cryogenic conditions [3], but in certain cases even more prevalent than at 
room temperature[4]. This is an enormous obstacle for quantum computers, because cryo-CMOS circuits need 
to be physically very close to the qubit devices in order to perform the tasks of control, readout, and signal 
amplification. While technological advancements could potentially improve function below 10 K and accurate 
IC design could mitigate the read/write or readout amplification issues, a significant effort on the physical 
understanding of the trapping/detrapping cryogenic phenomena and a precise mathematical description is 
required, not only for noise but also for aging effects such as Bias Temperature Instabilities (BTI). 

PhD Subject:  

This thesis aims to provide a deep understanding of trap-related noise effects at cryogenic temperatures down 
to 4 K through thorough experimental studies, while also developing physics-based compact noise models for 
cryo-circuit design. Recent interpretation approaches [5] will be evaluated, and new methods of noise parameter 
extraction will be elaborated. In terms of technologies, FD-SOI MOSFETs (both industrial-level 28nm node from 
ST and emerging LETI NextGen aiming 10nm) as well as III-V HEMTs (from IBM Zurich) will be studied, in order 
to cover all potential application scenarios (low-noise amplifiers, sensors etc.). 
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Required Skills:  

• Strong background on electron device physics and electronics 

• Experience with electrical measurements and data processing (Python/MATLAB..) 

• Good level of English language and communication/presentation skills 

Laboratories:  CROMA (ex. IMEP-LAHC), CEA-Leti 

PhD Supervisors: 

CROMA : Micro-Nano Device Research Group (CMNE) 
• Christoforos THEODOROU (CR CNRS / Dérogation HDR), christoforos.theodorou@grenoble-inp.fr  
• Francis BALESTRA (DR CNRS / HDR), francis.balestra@grenoble-inp.fr  

CEA-Leti: Simulation and Modeling Laboratory (LSM) 
• Miltiadis ALEPIDIS (Research Engineer), miltiadis.alepidis@cea.fr  
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