
 

Hardware-Software Co-Design of Subthreshold Spiking 

Neurons 

Background   

Spiking Neural Networks (SNNs) are a promising paradigm for energy-efficient artificial intelligence, 

mimicking the sparse and temporal nature of biological neural processing. To achieve ultra-low-power 

consumption, these networks can be implemented using analog hardware operating in the subthreshold 

regime, where transistors operate with currents in the [𝑝𝐴 − 𝑛𝐴] range. However, a significant challenge 

lies in the precise synchronization between custom physical hardware and the digital models used for 

training and validation. 

 

Project Objectives 

In this project, students will develop a unified framework for a biologically plausible spiking neuron by 

matching a custom analog implementation with a "Digital Twin" Python model. 

Particularly, students will: 

1. Learn the subthreshold principle: understand the physics of mosfets in weak inversion and how to 

utilize the exponential 𝐼 − 𝑉 relationship for low-power nonlinear dynamics. 

2. Implement neuron models: design and simulate biologically plausible neuron models like the 

Izhikevich model. This includes understanding the neural dynamics. 

3. Conduct power & timing analysis: * estimate energy per spike and static power consumption across 

different models. 

4. Evaluate robustness: investigate the impact of process variations (e.g.,  mismatch) on neuron firing 

patterns and develop mitigation strategies in the software training loop. 

 

Prerequisites Courses: Electronic Circuits or Introduction to VLSI.   

Contact: Jeries Saleh-Naser (jeries.saleh@campus.technion.ac.il) 
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