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Context of the research 

activity 

The National Institute for Nuclear Physics (INFN), operating under 
the ministry of education and research (MIUR), is the Italian 
research agency in charge of studying the fundamental 
constituents of matter and the physical laws that govern them. To 
fulfill its mission, INFN needs to develop  novel radiation 
detectors, based on customized sensors and dedicated front-end 
electronics. A key aspect is that the front-end electronics must 
incorporate many channels operating in parallel. In some 
applications, thousands of processing units have to be integrated 
on the same die. Ultra deep-submicron CMOS technologies offer 
the opportunity of implementing densely packed system, but the 
NRE costs involved are substantial. It is therefore important  to 
develop flexible circuits that can be re-used for different sensors 
thus serving multiple experimental set-ups. Multi-channel mixed-
signal ASICs in which fast ADCs are mated to digital processors are 
thus becoming more and more interesting in the radiation 
instrumentation community. The design of these systems poses 
challenges not encountered in their commercial counterparts. The 
unusually high number of parallel channels make some aspects, 
such as the distribution of a clean reference voltage for the ADCs, 
very critical. Very low-power consumption and fast processing 
must be simultaneously achieved. In addition, radiation resistance 
to both total ionizing dose and single event effects is a must. All 
these aspects make the overall implementation challenging and 
require the development of novel and dedicated solution. The 
design of such systems in advanced CMOS technologies (65 nm and 
beyond) is at the forefront of the research in the field. In an early 
phase of the project a 65 nm CMOS process will be used for 
prototyping. In a later stage, more advanced nodes (28 nm and 
possibly 16 nm FinFET) will be explored. 



 

 

 
 

Objectives 
 

The objectives of the research activity are to develop a 
radiation tolerant ADC and digital signal processor suitable to 
design large multi-channel front-end ASIC for radiation 
detector instrumentation. 
 
The ADC should have medium-high resolution (at least 12 
bits), fast sampling (> 80 Msample/sec), low-power (< 2 mW) 
and radiation tolerance. The digital processor must be 
tolerant to both total ionizing dose and single event effects. 
To save area and power, the processor must be optimized to 
perform the functions typically required in a radiation 
section system, such as correction of baseline fluctuation, 
threshold discrimination, peak detection, energy and timing 
extraction. Self-calibration features and optimized data 
compression schemes need also to be implemented. 
 
In a first phase of the project, high-level simulations of the 
building blocks will be performed to identify the best 
architectures. Following this preliminary work, test circuits 
will be implemented on silicon. In a first phase, a 65 nm 
process will be employed, but implementations in 28 nm and 
16 nm nodes will also be investigated. 

 
 
 
 

Skills and competencies for 
the development of the 
activity 
  

The ideal candidate combines a good attitude to team 
activity with the capacity of working autonomously to 
identify novel solutions. Basic knowledge of CMOS 
technologies is required. In a first phase, the student will be 
involved in high level system modeling. Good computer skills 
are thus essential. The knowledge of hardware description 
languages such as VHDL e VeriLog is a plus, but it can be 
acquired in the first year of activity. 

 
 


