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 Silicon MEMS having intrinsic performance limitation and poor reliability in harsh 
environments

 Diamond showing  outstanding mechanical properties for MEMS 
 Multifunctional integrated MEMS sensors in demand for intelligent society

 Develop multifunctional integrated multifunctional MEMS sensors
 Develop new integration concept for diamond MEMS
 Improve the performance and reliability problems in MEMS

 High-quality factors diamond MEMS resonators 
are demonstrated.

 Sensing is based on the dynamic frequency 
change.

 Diamond electronic devices for integration are 
developed. 

 Mass production of high-quality factors diamond
mechanical resonators.

 Multi-functionalization of diamond MEMS.
 Development of on-chip diamond MEMS.
 High sensitivity and high reliability MEMS.

Novel transistor for 
MEMS applications
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Micro and nanoscale single 
crystal diamond cantilevers

High-quality factor single 
crystal diamond cantilevers

 M.Y. Liao et al, Jap. J. Appl Phys. 56, 024101 (2017).
 M.Y. Liao et al, Advanced Materials 22, 5393 (2010).
 M.Y. Liao et al, Patent  No. US 8808560 B2 2014 .8.19 , USA.
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 Hydrogen is expected to be one of the alternative energy resources of the future, and 
hydrogen sensors are some of the most important components in a hydrogen-based 
society. 

 The interaction of hydrogen with semiconductor devices has long been studied for 
applications in various semiconductor-based hydrogen sensors. Despite the existence 
of a considerable quantity of experimental data, however, there are still some 
debates as to the origin of the hydrogen sensitivity. Therefore, The interaction of 
hydrogen with nitride-based semiconductor diodes has been investigated.
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Hydrogen Sensors Using Nitride-Based 
Semiconductor Diodes

 Hydrogen sensors
 Reliability of semiconductor devices

The interaction of hydrogen with semiconductor devices has long been studied for 
applications in various semiconductor-based hydrogen sensors. Intensive research led to a 
model which attributes the reaction mechanism of the devices to hydrogen to the formation of 
a hydrogen-induced dipole layer at the metal-dielectric-semiconductor interface. Molecular 
hydrogen adsorbs on Pd or Pt surface and dissociates. Hydrogen atoms diffuse through Pd or 
Pt and adsorb at the metal-oxide interface, forming a dipole layer. The dipole layer is 
responsible for the work function change. Despite the existence of a considerable quantity of 
experimental data, however, there are still some debates as to the origin of the hydrogen 
sensitivity. Here, the interaction of hydrogen with Pt–AlGaN/GaN Schottky barrier diodes has 
been investigated using electrochemical impedance spectroscopy. As a result, it is first found 
that exposure of the diodes to hydrogen does not create an additional RC circuit on the 
Nyquist plane which represents hydrogen-induced electric double layer, and the radius of the 
existing semicircle representing the RC circuit for semiconductor space charge region is 
dramatically reduced upon hydrogen exposure, as shown in Fig. 1. This result implies that 
hydrogen does not create electric double layer at the Pt-AlGaN interface but change the 
property of the dielectric layer.

 Detailed investigation of the interaction 
mechanism.

Fig. 1. Nyquist plots of the Pt–AlGaN/GaN SBD in N2 and response to exposure to 1% H2. 
・Y. Irokawa et al., Jpn. J. Appl. Phys. 56, 128004 (2017).
・Y. Irokawa et al., Sensors 15, 14757 (2015).
・Y. Irokawa, ECS Electrochem. Lett. 3, B17 (2014).
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