Surface scattering in SOI field-effect transistor
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Ulrathin silicon-on-insulator (SOI) films look promising for manufacturing a nanoscale metal-oxide-semiconductor field effect transistor (MOSFET). In such a structure an ultathin silicon fully depleted layer serves as a channel. At first the term “ultrathin body (UBT)” implies 30-50 nm Si film but in recent experiments most attention was focused on much thinner films with a thickness of 1-10 nm. Unfortunately, the mobility (() degradation caused by a decrease in SOI body thickness (d) has been reported for UTB MOSFET with body thickness less than 10 nm [1]. Since the mobility is one of the most important characteristics of a MOSFET the physical mechanism of the mobility lowering has been discussed by many authors taking into account acoustic and surface phonon scattering, as well as Coulomb scattering. 

At the same moment, it is known that in a quantum well the mobility strongly depends upon quantum size effect and quantum surface roughness scattering. For instance, the sharp mobility dependence on a quantum well thickness ( ~ d6 has been predicted in theory and observed in experiments with A3B5 semiconductor heterostructures [2]. In a thin SOI MOSFET under consideration quantum surface roughness scattering could be also the dominant scattering mechanism. Nevertheless, in so far fabricated structures the mobility degradation with decreasing SOI body thickness turned out to be much slower [3]. 
Here we put forward the explanation of this surprising behavior. In our opinion, in a thin silicon layer in realistic SOI structures Coulomb scattering on charged defects at the Si/SiO2 still prevails. The measured mobility in thin silicon layers roughly coincides with that in bulk silicon doped up to 1018cm-3. It corresponds to a surface charge concentration of 1012cm-2 which almost by two orders of magnitude surpasses that in conventional MOSFETs fabricated on bulk silicon wafers. This means that a progress in SOI technology can potentially much enhance the mobility. Thereafter, the latter will be restricted solely by surface roughness scattering and phonon scattering.
We have considered the influence of surface scattering on channel conductivity in UTB MOSFET with a quantum mechanical approach. Analyzing a counterplay between Coulomb and surface scattering we have showed that transition from dominating Coulomb scattering towards dominating surface scattering occurs when the film thickness is reduced to few nanometers. Evidently, the “critical” film thickness depends upon roughness characteristics. We have also examined the ripple-wise roughness which gives rise to ( ~ d4 dependence of mobility on film thickness [4].  In spite of a smaller power compared to that for smooth roughness the ripple-wise roughness could dominate just on Si/SiO2 interface due to high discrepancy in lattice constants of contacting materials. 
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