
T N T 2 0 1 7  d r e s d e n  ( g e r m a n y )                         j u n e  0 5 - 0 9 ,  2 0 1 7  |  

 

Ebola biosensing with a gate 
controlled memristor mode 
 
 
 
1 Institute of Materials Science and Max Bergmann Center for Biomaterials, 
Technische Universität Dresden, Budapester Str. 27, 01069 Dresden, 
Germany 
2 Center for Advancing Electronics Dresden (cfaed), Technische Universität 
Dresden, 01069 Dresden, Germany 
3 Department of Creative IT Engineering, Pohang University of Science and 
Technology, Pohang 37673, Korea 
4 Chair of Fundamentals of Electrical Engineering, Technische Universität 
Dresden, Mommsenstraße 12, 01069, Dresden, Germany 

Bergoi Ibarlucea1,2  
Teuku Fawzul Akbar1, Kihyun 
Kim3, Taiuk Rim3, Chang-Ki 
Baek3, Alon Ascoli4, Ronald 
Tetzlaff4, Larysa Baraban1,2, 
Gianaurelio Cuniberti1 
 

bcanton@nano.tu-dresden.de 

 
Nanowire-based field-effect transistors (FETs) are 
currently attracting a strong attention due to their 
potential to deliver promising miniaturized 
diagnostic tools with a high and label-free 
sensitivity [1,2]. Recently, the use of their 
memristor property was demonstrated as 
biosensing principle, showing that the binding of 
charged biomolecules bring a violation of its zero-
crossing signature by opening a voltage gap VGAP in 
the current minima when the source-to-drain 
voltage VSD was swept [3]. The demonstration was 
done in dry conditions to get rid of the screening 
effect caused by the excess of nonspecific ions.  
In this work, we demonstrate the biosensing in the 
memristor mode directly in a liquid environment 
using a FET based on a pattern of honeycomb 
shaped silicon nanowires (Figure 1a). We engineer 
the gap opening process by applying a gate voltage 
VG through the reference electrode that mimics the 
presence of surrounding charged species of the 
desired sign (Figure 1b). An initially opened gap 
VGAP allows to detect the biomolecules carrying 
arbitrary, positive or negative charge that results in 
either further increasing or closing the VGAP, 
respectively. The VP40 matrix protein from Ebola 
virus is detected in a miniaturized electronic 
nanobiosensor for the first time, in femtomolar 
levels, by analyzing the needed VG to maintain a 
constant value of VGAP=1.5V (Figure 1c). We finally 
compare the same device performance in terms of 
its detection range and sensitivity to the results 
obtained in the already known field-effect 
transistor (FET) mode (Figure 1d), showing that the 
memristor mode is sensitive at the same 
concentration levels as the FETs. 
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Figures 
 

 
Figure 1. (a) Nanosensor where S=source, D=drain, and 
R=reference denote the electrodes. The inset shows 
silicon nanowires located at yellow areas. (b) A VGAP 
opening (orange area) appears by applying a negative VG. 
(c) The biosensing in the memristor mode. At increasing 
protein concentrations, VG needs to be increased in 
order to maintain a constant VGAP=1.5V. (d) The 
biosensing in the FET mode. The inset depicts the device 
modified with antibodies that catch the target protein. 
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