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Large reversible changes of the electronic transport properties 
of solid-state oxide materials induced by electrochemical 

fields have received much attention as a new research avenue 
in iontronics. The action on time-dependence of conductive 
modulation is slower. Despite the slow modulation, the 
emergence of non-linear, plastic and/or memristive behaviors 
provides an opportunity to obtain new abilities in information 
processing, like signal flow in brain, in addition to sensing 
and energy devices. In this conference, dramatic transport 
changes in VO2 nanowires were demonstrated by electric field-
induced hydrogenation at room temperature. As a suitable 
device structure to perform transport modulation through 
electrochemical reactions, we proposed a planar-type field effect 
transistor with side gates and a nanowire channel separated by 
air nanogaps (denoted PG-FET), as illustrated in Figure 1. This 
unique structure allowed us to investigate hydrogen intercalation 
and diffusion behavior in VO2 channels with respect to both time 
and space. Figure 2 shows the reversible, non-volatile resistance 
changes in a VO2 nanowire channel with a width (w) of 500 nm 
obtained by applying positive and negative VG at 300 K under 
a humidity of around 50%. The normalized resistance (R/R0, 
where R and R0 are the measured resistance and resistance of 
the pristine device before applying a VG at 300 K, respectively) 
slowly decreased down to the saturation line at roughly R/R0 = 
0.75 during the application of VG = +100 V. This state was held 
after the removal of the VG. Namely, the device exhibited a non-
volatile memory effect. The R/R0 increased again with applying 
VG = -100 V. Our results will contribute to further strategic 
researches to examine fundamental chemical and physical 
properties of devices and develop iontronic applications, as well 
as offering new directions to explore emerging functions for 
sensing, energy, and neuromorphologic devices combining ionic 
and electronic behaviors in solid-state materials.
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