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1. Introduction 

Many electric devices created by exploiting semi-conducting properties are used in 
information communication equipment. Advancement in this equipment is greatly 
dependent on the performance of semiconductor devices. Current advances in 
micro-structuring and integration technology enable further development of these 
semiconductor devices. However, their development will be restricted in the near future 
owing to limitation on their down sizing. Therefore, nanoelectronic devices based on new 
principles are being investigated in recent years. We have developed a new type of 
nanodevice, an atomic switch, that could overcome the limitations of current 
semiconductor devices(1). Atomic switching is accomplished by local control of solid-state 
electrochemical reaction with a mixed ionic and electronic conductor. Here, we introduce 
the operation principle, development process, and unique functionality of an atomic 
switching device.     
     
2. Operation principle of atomic switch 
  Figure 1 shows solid-state electrochemical 
property of an ionic and electronic mixed conductor, a 
silver sulphide (Ag2S) crystal, in which positive silver 
(Ag) ions and electrons can migrate in the crystal. As 
is already known, applying appropriate bias voltage 
to Ag electrodes of positive polarity at both ends of 
the Ag2S crystal reduces the mobile silver ions in the 
Ag2S crystal to neutral Ag atoms by precipitating 
electrons and Ag metal . On an opposite Ag electrode 
of negative polarity, Ag atoms of the metal electrode 
are oxidized to Ag ions and are dissolved in the Ag2S 
crystal. Because the solid-state electrochemical 
reaction, Ag(metal) ⇄ Ag+(Ag2S) + e-, is reversible, the 
precipitating and the dissolving of Ag metal can be controlled by switching the polarity of 
bias voltage.  

The atomic switch that we have developed was achieved by controlling the solid-state 
chemical reaction on the atomic scale by using tunneling electrons. Figure 2 is a schema 
of the atomic switch. As shown in the figure, Ag2S film is stacked on a silver metal 
electrode. The Ag2S film faces another platinum (Pt) electrode with a  ~ 1-nm gap; this is 
the key structure of this device. Electrons can tunnel through the gap between the Ag2S 
films and the Pt electrode. When an appropriate negative bias voltage is applied to the Pt 
electrode, tunneling electrons from it reduce the Ag ions in the Ag2S film to Ag atoms and 
Ag atoms precipitate on the Ag2S film, forming an Ag bridge through the gap. The 
conductance between two electrodes become very high, and in this state the device is 
switched on. Then, the polarity of bias voltage changes to positive, the silver atoms of the 
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Fig. 1 Solid-state electrochemical property of ionic 
and electronic conductor (Ag2S crystal).   
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bridge are oxidized to Ag ions and are 
dissolved  
in the Ag2S film, thus the bridge shrinks and 
breaks, so that the device is switched off.  
Namely, the atomic switch operates by forming 
and dissolving a silver atom bridge on the 
atomic scale level, and this can be achieved by 
local control of a solid-state electrochemical 
reaction by using tunneling electrons. 

 
 

    
3. Development of atomic switch 
  In initial stage of the atomic switch development, we examined its characteristics with 
a scanning tunneling microscope (STM) combined with a scanning electron microscope. 
We used Ag2S needle-like crystal on Ag wire as an STM tip. The tip was made to approach 
a Pt substrate until tunneling current could flow between the tip and the substrate; 
specifically, we obtained a 1-nm gap. We thus confirmed that forming and breaking a 
silver atom bridge between the tip and the substate could be achieved with local control of 
the solid-state electrochemical reaction by using tunneling electrons, and further, that 
switching operations could be achieved. We found that the rate of the formation and 
dissolution, in other words the switching rate, exponentially increased as the applied bias 
voltage increased. 
Our experiments to date have confirmed a switching rate of 1 MHz. Furthermore, 
controlling contact point of the Ag atom bridge with the Pt substrate on atomic scale 
generated quantized conductance. We found that applying a pulsed bias voltage could 
control switching between quantized conductances. Recently, we found that the atomic 
switch can be formed at each crossing point when an Ag2S wire is crossed by Pt wire. The 
crossbar structure was fabricated with a conventional nanofabrication method for 
semiconductor devices, and this demonstrates that manufacturing the atomic switch as a 
practical application device is feasible.     

In conclusion, we have developed a new type of nanoelectronic device, an atomic switch 
that is operated by exploiting a new principle. We believe that its simple structure, ease 
of operation, and unique function will enable its use as an element in future nanodevices, 
and that the developed atomic switch will make possible conceptually new electronics 
that will be part of a new computer architecture.     
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Fig.2 Schema of atomic switch. Switching is 
accomplished by formation and dissolution 
of Ag atomic bridge.  


