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The silicon-silicon dioxide (Si-SiO2) interface system is the heart and soul of silicon microelectronic devices and 
integrated circuits. The importance of this interface system for device fabrication and operation began with the 
recognition that a thermally-grown SiO2 layer on silicon can serve as both a diffusion barrier to dopants and a means 
to reduce the silicon surface state density. In the early to mid 1950s, it was recognized that transport of adsorbed 
ions could cause instabilities in (germanium) bipolar devices; similar effects were speculated for silicon-based 
devices. Due to their design, operation of metal-oxide-semiconductor (MOS) devices was even more sensitive to 
surface stability problems than were bipolar designs, which delayed the wide-spread manufacture and use of MOS 
devices relative to the more structurally complex bipolar devices. Despite an appreciation for the advantages of 
passivating silicon with an SiO2 layer during device manufacture and operation, control of the electrical properties 
of the silicon surface to allow reliable, reproducible device fabrication was not possible, at least throughout the early 
1960s. Revesz [1] summarized a number of possible origins of charges and instabilities present in the Si-SiO2 
system, wherein he focused on the defect structure of grown silicon dioxide films including oxide vacancies and 
interstitials, metal ions injected from electrodes, alkali ions in the glass structure, and the inhomogeneous 
distribution of such defects across the oxide layer. In his Conclusion Section, Revesz stated, �One of the main 
problems in MOS device technology is the establishment of the required silicon surface potential in a controllable 
manner. This problem cannot be solved without a proper understanding of the interactions between the oxide, 
silicon, and gate electrode, and this implies knowledge of the defect structure of the oxide.� In 1964, Snow et al., 
invoked capacitance-voltage (C-V) characteristics to experimentally and theoretically establish that alkali ions (e.g., 
Na+, K+) resulting from processing chemicals, processing atmospheres and materials, device metallization, and 
personnel handling the wafers were a major cause of the instabilities observed in the Si- SiO2 system [2]. Control of 
these mobile charges subsequently facilitated the investigation of other charges in the Si-SiO2 system. Balk et al. [3] 
measured the surface state charge on different orientations of silicon after growth of SiO2 by thermal oxidation and 
reported that the charge decreased in the order <111> > <110> > <100>. Balk et al. correlated these observations 
with the relative oxidation rates on these same surfaces according to their and Deal�s data [4] and concluded that 
�The strong dependence of the built-in charge on the crystal face orientation in silicon is of fundamental significance 
for understanding the nature of surface charge.� The results shown in the figure below are obtained with the crystal 
viewer tool on the nanoHUB.org and confirm the above very important findings. 
 

<100> <110> <111>  
Surface atom location for the three crystallographic directions. 
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