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what is bio-electronics 
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everything starts with Luigi Galvani 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

During the dissection of a frog, his zinc scalpel and the copper rod  
reacted to make the frog’s leg jump —> “animal electricity” 
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large-area bio-electronics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Electrical Interfacing of Nerve 
Organic Bioelectronics Cells and Semiconductor Chips 

George G. Malliaras and Roisíń M. Owens (Peter Fromherz)   
 
 
 
 

 

The rise of plastic bioelectronics  
Takao Someya1,2, Zhenan Bao3 & George G. Malliaras4 
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3-D silicone "heart sock 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 Hyun-Joong Chung, professor of chemical and mechanical engineering at the 
University of Alberta, John Rogers, professor of engineering and chemistry at the 

University of Illinois 
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example of bio-electronic devices 
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Highlighted8  in Nature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E. Macchia et al. Nat. Comm 2018 DOI: 10.1038/s41467-018-05235-z 



the concept 
 
 
 
 
 
 

• Label-free single-molecule detection with 
manometric transducers —> unable to 
sense a cue in a bulk milieu 

  
• Conceptualising some cells’ ability —>   

large-area processable mm-sized transistor 
hosting 1012 capturing proteins detect a 
single biomarker in diluted saliva and blood 
serum  

 
 

• The SiMoT sensing mechanism involves a 
 

2-stage amplification process:  

1. FET-induced sensor response  

amplification  

2. Work function change propagating via H-  

bond network Luisa Torsi - UNIBA  



but for cells it works differently  
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QuanterixR  preventive healthcare 
 
 
 

Preventive Healthcare 
sickness begins symptoms  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1 molecule in 100 µl —> [c] = 10 zM 
 

https://www.americanlaboratory.com/Blog/345962-SIMOA-After- 
Luisa Torsi - UNIBA Five-Years-And-One-More-Thing/ 



how electrolyte-gated FET work 
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H. Klauk, Organic electronics II: More materials and applications; Wiley-
VCH S. H. Kim, K. Hong, W. Xie, K. H. Lee, S. Zhang, T. P. Lodge, C. D. Frisbie, 

Adv. Mater. 2013, 25, 1822-1846 



IgG at the physical limit in PBS 
 
 

IgG/anti-IgG 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IgM/anti-IgG 
 

noise level  
 
 
 
 
 
 
 
 
 
 

level of the Limit of Detection = 
  

(LOD) = 
 
et a given level of confidence: false positive 

 
E. Macchia et al. Nat. Comm 2018 DOI: 10.1038/s41467-018-05235-z 
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IgG “really” at the physical limit in PBS  
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and in a real sample  
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the domino effect / cooperative interactions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

among Special Issue 
20 most to celebrate 
highly Prof. J.L. 

downloaded Bredas 70th 
papers in birthday 
July 2019  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
E. Macchia and A. Tiwari et al. Chemistry of Materials 2019 DOI: https://doi.org/10.1021/acs.chemmater.8b04414 



the SiMoT sensing mechanism: the model 
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arge gold gate 
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in the  

gating field 
 

chem-SAM  
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On average, women in the labour market 
 
 

still earn 24 per cent less than men 
 
 
 

globally.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Gender equality and womenʼs empowerment – United Nations Sustainable Development  
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6 years! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3-2 degree PhD 
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The role of women is science: 
 

still a long way to go 
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