Features of the field damage of ultra-thin insulating layers 
of the silicon oxide
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Results of experimental studies of the stability of metal-oxide-semiconductor (MOS) structures with an oxide thickness of less than 40 Ǻ to the effect of strong, but before breakdown electric fields are analyzed. Experiments were carried out on n-Si-MOS structures with an Al-n+Si:P field electrode (donor concentration of ~1020 cm-3, an area of S = 1.6ˑ10-3 cm2), isolated from a silicon substrate (free electron concentration of 2ˑ1015 cm-3) by a layer of a pyrogenic oxide with an optical thickness h = 40 Å. The field effect was carried out in the following way: samples were kept in room conditions for up to 30 min at a gate voltage Vg = 3.1 V (the accumulation of the substrate), or up to 120 min at Vg =  ̶ 3.8 V (the depletion of the substrate). Different holding times and absolute values ​​of Vg make it possible to achieve almost identical in the value and the duration of the action of fields in the oxide and, thereby, to compare of results of stress with different polarities of the gate voltage. In the Figure is a general view of graphs of dynamic current-voltage (DCVC) and ideal C-V characteristics. The current of I in the gate-substrate circuit was registered.
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	Figure.  General view of the dynamic current-voltage characteristics of Si-MOS structures: 1 – before stress, 2 – after field stress, 3 – equilibrium C-V- characteristic of an ideal Si-MOS structure with the same parameters as for experimental samples. The value of Vg varied with time t at a constant rate
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: on the direct characteristic of the state of the flat band to Vg =  ̶ 1.5 V, and on the reverse – from Vg =  ̶ 1.5 V to the initial value. The value of the capacitance C was multiplied by the field sweep rate β.


The process of the accumulation of minority charge carriers ends with a "stepped" decrease in the rate of generation of electron-hole pairs and a sharp transition to equilibrium. After reaching the equilibrium in the region of the strong or weak inversion, the inverse branch of DCVC goes into the quasi-equilibrium curve of the C-V characteristic of the Si-MOS structure falling off with the voltage. Thus, the graph of DCVC has a sharp maximum, which practically lies on the ideal C-V characteristic of the sample. The increase of the number of generation centers of minority charge carriers in Si-MOS structures was determined from the shift of dynamic current-voltage characteristics after the field stress. The direct information about the band bending in a semiconductor, the change in the charge of boundary states and concentration of minority charge carriers at the silicon-oxide interface was obtained from the form of high-frequency capacitive characteristics of MOS-structures. It turned out, that objects with an ultra-small thickness of SiO2 are much more "submissive" to the field stress – they are more easily damaged by external influences, but they are much more quickly restored to their original state at the room temperature. In the process of aging structures in a  strong electric  field, additional  localized  electronic  boundary  states  with  a  concentration  exceeding 
1013 cm-2 at the silicon-oxide contact are formed. Recharging of newly formed centers with increasing field voltage certainly ensures the accumulation of an excess charge at the silicon-oxide interface, sharply increasing field in the insulating layer. This phenomenon should have a decisive influence on the change in tunnel current-voltage characteristics of Si-MOS structures after the field stress.
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