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Abstract: Conventional microsystems including sensors and actuators are made of 
rigid materials such as silicon because of their origin from microelectronics. 
However, most micro- and nanosytems found in the nature are made of soft materials 
allowing them to deform depending on the task and external environment. The 
deformability allows natural microsystems to exceed the performance of their rigid 
micromachined counterparts. Inspired by nature, recent research efforts have been 
focused on soft microsystems including sensors, actuators and microfluidic platforms, 
promising a completely new research field with a broad range of applications. 
 
 
Biomimetics or biomimicry has been evolved as a research field on systems, elements 
or materials that imitate their natural counterparts. Natural selection over millions of 
years provide an optimization process for engineering problems of biological systems. 
Imitation of nature in different length scales provides interesting solution to current 
engineering challenges. Soft robotics for instance is a branch of biomimetics that 
explores the concept of robots made of soft and compliant materials [1]. The Young’s 
modulus of tissues in living systems are 3 to 5 orders of magnitude lower than that of 
metals, plastics or semiconductors that are used in conventional engineered systems. 
Recently, Rus and Tolley [1] reported the state of the art of soft robotics and 
discussed current solutions and challenges in actuation, sensing, fabrication and 
control of soft robots. Soft microsystems are smaller in size, they share the same 
challenges with soft robotics. However, the smaller size present unique opportunities 
in design of soft microsystems and in interfacing with biological systems.  
 
Because of the soft material for making these systems, the most common actuation 
concepts are pneumatic or hydraulic schemes. The technology allows for the transfer 
of the silicene layer to a more useful substrate such as silicon. The process starts with 
the epitaxial growth of silicene on a thin Ag(111) layer deposited on a mica substrate, 
Fig. 1(a). The silicene layer was then protected by a 5-nm thick layer of alumina 
(Al2O3), Fig. 1(b). The silicene layer sandwiched between and protected by the silver 
and alumina layers could be then detached from the mica substrate, Fig. 1(c). The 
alumina/silicence/silver film was than flipped upside down and transferred to a 
conventional oxidized silicon substrate, Fig. 1(d,e). The silicon acts as the gate 
electrode, while the silver layer was etched to form drain and source electrodes of the 
transistor, Fig. 1(f). To prevent the oxidization of the silicene layer, the authors 
developed a gentle potassium iodine-based etchant. Although the exposed silicene and 
the transistor have a lifetime of few minutes, the device has demonstrated the 
characteristics of a truly nanoelectronic transistor. 



 
In the near future, protecting the exposed silicene with another layer of more stable 
material such as Teflon could extend the life of the transistor. Making multi-layer 
silicences and allowing the upper layer to be oxidized could also protect the silicene 
working as semiconductor for the transistor. This proof-of-concept device may open 
up a new research field and probably a new industry of nanoelectronics. 
 
Figure 1. Fabrication steps of the silicene transistor 
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