The manifestation of rising of the impurity density of states after the field stress in increasing of the effective electron mobility in the inversion channel at the silicon-oxide contact
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The ionic polarization of insulating layers is an important tool for modifying of electronic properties of  interfaces in metal-oxide-semiconductor (MOS) structures. Consequences of the polarization are not only  shifts in threshold voltages of opening of  inversion channels due to the accumulation of the built-in charge, but also deep changes of the band structure of conducting paths in connection with the formation of a high concentration of impurity localized states at the semiconductor-insulator interface. Earlier, [1] it was found, that the ionic polarization of Si-MOS structures leads to an anomalously high (several times) increase of the effective electron mobility of
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in the inversion channel at the Si-SiO2 interface. In this paper, an explanation of the nature of this phenomenon is given on the basis of an analysis of the large volume of experimental data on current-voltage (I-V) characteristics of a transistor in states after the polarization and the depolarization at different temperatures. The  polarization  of the  oxide  was  carried out  at  the gate voltage 
Vg = 10 V and at the drain voltage Vd = 0.01 V for one hour at a temperature T = 420 K, the depolarization for the same T, but at Vg =  ̶ 10 V. I-V measurements were carried out at 
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, since under room conditions in strong  electric fields of the ion drift can change of the state of samples. At least 6·1013 cm-2 of ions flows over in the oxide with a polarization. The transition from a depolarized to a polarized state is relatively weak compared to the flowed ion charge, shifts the threshold of channel opening – from 0.05 V for 200 K to 0.5 V for 100 K. This fact confirms the well-known fact about a high degree of the neutralization of ions at the silicon-oxide interface. Temperature dependences of
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 for the polarized and depolarized states are accompanied by an increase of the effective mobility, and that in the temperature interval of 100 – 200 К 
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 value passes through a maximum and then falls sharper, than a power law with a further decrease in temperature. This mobility behavior does not correspond to the conductivity of free electrons in the inversion channel along the silicon surface. The negative magnetoconductivity is observed: the 
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 value decreases with increasing of the magnetic induction from 1.07 to 4.28 T after both the polarization and after the depolarization by an average of 1.3 times. This fact indicates about the hopping nature of the conductivity in both the polarized and the depolarized states.  Pepper group [2] was found, that concentrating  relatively  small  concentrations  of  sodium  ions  at  the  Si-SiO2  interface  on  the  order  of 3.7·1011 cm-2 leads to the formation of the upper and lower impurity Hubbard bands. In our experiments, after the polarization at the Si-SiO2 interface impurity centers turns out at least two orders of magnitude greater than in samples, studied in the paper of [2]. This means, that impurity Hubbard bands are substantially broadened and overlapped both with each, other and with the conduction band of the inversion channel near the silicon surface. The density of states sharply increasing, as a result, of the polarization and, accordingly, the conductivity along delocalized states, ultimately explain the increase of
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