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Today, most of our research activities are based on 

thematic lines that behave as vertical silos. This idea 

is fatally doomed to failure. We must change the 

attitude to raise the hope for a better future, breaking 

the inequalities that exist in our society. This can be 

achieved by defining Missions, targeting clear 

objectives of our development, which must be the key 

to opening the much-needed innovation for boosting 

our future. Moreover, we must also focus on our 

sustainability and to address the new paradigm: turn 

integration simpler and focus complexity on the 

functions that they may execute, where multimaterial 

with multifunctions, are needed.  

The aim of this presentation is to discuss a 

horizontal cross cutting model of development where 

functional materials related to low cost applications 

will be addressed, focused in the use of paper as a 

substrate or an electronic component of integrated 

multifunctional platforms, able to serve a plethora of 

sectors such as energy, health, food and the 

technologies of information. In particularly, it will be 

addressed the study case of using a common template 

for electronic systems on paper that would be then 

easily customized depending on the final application 

by reporting a multigate paper transistor where paper 

is simultaneously the substrate and the dielectric, 

while a metal-oxide-semiconductor (IGZO) is used as 

the active channel, being the same device able to 

present complex logic functionalities simply by 

varying the amplitude and frequency of the input gate 

signals. The device architecture consists in a planar 

double gate indium-gallium-zinc–oxide (IGZO) FET 

with a back floating gate electrode (PDG/BFG-FET) 

that controls the carrier’s movement, either ions or 

electrons, along the paper interfaces and the device’s 

channel, respectively. In this way, this FET behaves as 

a dynamic combination of three possible transistor 

arrangements, tuned by the set of control gate and 

drain voltages used (see Fig. 1), decreasing so the 

degree of complexity required to process control logic 

gates for low cost and disposable electronics 

applications. 

These transistors operate at drain voltages of 1 V 

with low power, exhibiting ION/IOFF > 10
4
 and a 

mobility ≈ 2 cm
2
V

-1
s

-1
, serving the specifications for a 

broad range of smart disposable low power electronics. 

To sustain all this study, an analytical compact model 

was developed able to precisely reproduce the 

response of paper dual-gate FETs and provide full 

understanding of their unique and innovative 

characteristics (Fig. 2). 

 

 
 

Fig. 1. Device configuration, structure 

 

 
 

Fig. 2.  Experimental (full lines) and simulated 

(doted lines) current-voltage transfer characteristics of 

the PDG/BFG-FET, for different VDS. 
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