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【Purpose and Background of the Research】 
Low-power consumption, high speed, and 
multi-functional electronic devices are required for 
Si ultra large scale integrated circuits to extend 
their applications. In this project, we develop the 
crystal growth technology and electronic property 
engineering of group-IV semiconductor materials 
including GeSn and GeSiSn, etc for tunnel field 
effect transistor (TFET) and optoelectronic devices. 
We challenge to clarify the energy band, strain, and 
defect structures and electronic and optoelectronic 
properties of GeSn and GeSiSn thin films. We also 
establish the engineering technology of Sn-related 
group-IV semiconductors and develop the process 
technology for innovation of Si nanoelectronics. 

【Research Methods】 
We promote following research themes of 
Sn-related group-IV semiconductor materials. 
(1) We investigate the crystal growth of GeSn and 
GeSiSn layers by using molecular beam epitaxy 
etc. for high quality thin films with a high Sn 
content and controlled carrier property. 
(2) We develop the technology of controlling defects 
and strain structure in GeSn, GeSiSn, and GeSnC 
etc. for electronic applications. We investigate the 
local strain and defect structures. We also 
investigate the influence of fabrication processes 
and device structures on the nano-scale properties 
at metal/semiconductor (MS) and metal/oxide/ 
semiconductor (MOS) interfaces. 
(3) We examine the formation of high Sn content 
GeSn layer being a direct transition semiconductor. 
We investigate the carrier, optical absorption, and 
luminescence properties of GeSn and GeSiSn to 
understand and control those energy band 
structures.  

(4) We develop the technology engineering doping 
and MS and MOS interfaces for GeSn materials. 
We examine the formation of metal electrode and 
high permittivity metal oxide thin films on GeSn 
and GeSiSn, and investigate the interfacial 
reactions and their electrical properties. 
(5) We develop the process technology for the 
device fabrication of TFET and optoelectronic 
devices, and investigate the device properties. 

【Expected Research Achievements and 
Scientific Significance】 

Achievements of this project promise that the 
fundamental engineering technology of GeSn and 
GeSiSn will be established for low-power, high 
speed, and multi functional devices. The new 
technology of group-IV semiconductor materials 
will be fused into Si CMOS technology. In addition, 
new nanoelectronics technology will be established 
for TFET and direct semiconductor group-IV 
semiconductor optoelectronic devices, and those 
will contribute to the evolution for electronics 
industries in Japan. From the view point of 
academic science, new and interesting materials 
science will be advanced with the generation of 
direct semiconductor and energy band engineering 
of group-IV semiconductors. 
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Figure 1  Concept of multi-functional devices with 
Sn-related group-IV semiconductors. 
 


