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【Purpose and Background of the Research】 

The current semiconductor technology can 

fabricate LSI only on (100) Si surface using 2-D 

planar structure transistors. Thus, the current 

silicon technologies are now facing with very 

severe standstill, and the progress of speed 

performance of the silicon LSI has completely 

stopped. In order to overcome these troubles, it is 

required to create the process technologies for 

manufacturing the three-dimensional structure 

MOS transistors, which have the atomically flat 

interface between the gate insulator film and the 

silicon substrate, on any crystal orientation 

silicon surface. The research objective of this 

project is to create the balanced CMOS silicon 

LSI having a very excellent speed performance 

and very low power consumption. Therefore, it is 

essentially required to develop the flattening 

technologies for the any crystal orientation 

silicon surface and silicon sidewall surface of the 

3-D MOS transistors. 

 

【Research Methods】 

The performance of the silicon LSIs is 

drastically improved by introducing the 

following three technologies, (1)Accumulation 

Mode MOS transistor instead of conventional 

Inversion Mode MOS transistors, (2)3-D 

structure on (551) orientation SOI wafer 

instead of 2-D planer structure on (100) 

orientation wafer, (3)atomically flat interface 

between the gate insulator film and silicon 

substrate. However, these technologies cannot 

be realized by using the current silicon 

technologies. Only by making good use of the 

new manufacturing system based on the ultra 

clean technologies and the radical reaction 

processes, these three technologies can be 

realized. Figure 1 shows the AFM images of 

SiO2/Si interface fabricated by radical oxidation 

and thermal oxidation on the atomically flat 

Si(100) surface. The SiO2/Si interface fabricated 

by radical oxidation is maintained the mono 

atomic layer step and the atomically flat terrace, 

although, that by thermal oxidation is 

roughened. In this project, we develop the 

flattening technologies for the Si surface and Si 

sidewall surface of the 3-D structure by making 

good use of the radical reaction based new 

manufacturing technologies by using the 

damages free plasma equipments which we 

have developed. 
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Fig. 1  AFM images of SiO2/Si interface 
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【Expected Research Achievements and 

Scientific Significance】 

By achieving this project, the speed 

performance of MOS transistors is drastically 

improved, and the variability of transistor 

characteristic and 1/f noise are drastically 

reduced. As the results, the power consumption 

is lowered with maintaining the reliability. 

Thus, the realization of the ultra high 

performance information and communication 

device with very low power consumption is of 

great scientific significance. 
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