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Von Neumann architecture vs Spiking Neural Network

The intelligence of nature provides us with 
architectural advances

• analogue processing

• keeping time information

• parallel computing

• broader range of applications 

Better HW processing elements that needs 
more intelligent devices from material 
scientists

• Current transistors are not enough

• More intelligence per unit area needed 
(vs. cmos neuromorphic circuits)

• More connections

• coms ANNs are expensive in terms of 
• generated heat, 
• size, 
• intelligence per unit area

Von Neumann or Harvard Architecture

Artificial Neural Network: SNN

I would like to contribute to this area of research by 
intelligent sensing 



Example of a Spiking Neural Network1 (SNN)

• The heart of the artificial neuron is a vanadium oxide (VO2) device
• Good crystal layer of VO2 can do SPIKES
• Can we make good sensors out of the same VO2; same material, with 

the same process, on the same chip?

1 A calibratable sensory neuron based on epitaxial VO2 for spike-based neuromorphic multisensory system

A calibratable sensory neuron based on epitaxial.pdf


• VO2 transitions from metal to insulator 
(MIT); tetragonal rutile to monoclinic

• Switches between OFF and ON main 
states (high and low resistance)

• ultra-fast switching (few hundreds ps)

• high Roff/Ron ratio (up to 4-5 orders of 
magnitude)

• Low power switching

• Switching temperature is close to room 
temperature (67 °C) in contrast with 
other redox materials

Why VO2?

Oxide_Electronics_Utilizing_Ultrafast_Metal-Insula.pdf
Oxide_Electronics_Utilizing_Ultrafast_Metal-Insula.pdf


• Transition upon a stimulus: 
Thermal, electrical field, or 
strain driven excitation

• MY GOAL: study the effect of 
strain on MIT

Triggering of MITs



Structure of VO2

• Has MIM structure (metal-insulator-metal)

• Au-VO2-Au lateral arrangement switches the 
device 

• Volatile MIT



Conclusions

• device has been fabricated

• I-V curves proves MIT switching

• Run out of test chip, more test is needed, improving upon device OR new 
process flow OR device structure



Goals

Short term goal:

• After tests of current structure, possible improvements on device (etching, 
different materials)

Long Term Goal: 

• Realization of VO2 based neuron

• Realization of a VO2 based Spiking Neural Network

• Integration of sensor and processing functional units based on VO2 MIT 
device
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Thank you

Questions



Example of a Spiking Neural Network (SNN) sup.

Inputting Sensory Pressure Image and simulated device data 
into SNN Software: SpikingJelly

BACK

Supplementary Information-VO2-finger-gesture.pdf
HaziKonfVO2ThinFilmZefferT.pptx#27. PowerPoint-bemutató
https://github.com/fangwei123456/spikingjelly
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