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domination in these processes, the explanation of enhanced 
oxidation in unheated substrates is considered unsatisfac­
tory. It is proposed that the enhanced reactivity and mobility 
of the oxidizing species are due to the ion bombardment. 
Thus, at any time, oxidation is taking place only at those 
depths which are currently being reached by the ion beam. 
The swelling which accompanies the conversion ofsilicon to 
silicon' dioxide effectively prevents later ion arrivals from 
reaching the same depths in the silicon. Moreover, it is diffi­
cult for them to diffuse deeper into the substrate after they 
are stopped since their diffusion is enhanced only in the re­
gion in which the ions are depositing energy. In other words, 
it is important to recognize that the effective process rates 
are spatially dependent. Because of the volume expansion 
this spatial dependence means that the oxidation rate at the 
oxide-semiconductor interface is time dependent and oxida­
tion at the lower interface will stop when a sufficient portion 
of the substrate has been converted to Si02• Note that the 
concept of a temperature increase due to thermal spikes or 
beam heating is not necessary for this treatment. Enhanced 
mobility and reactivity may be due to other beam related 
processes like the creation ofexcess numbers ofdefects in the 
vicinity of an atom or the transfer of excess energy to the 
atom in a collision. J7 

The proposed model accounts for the enhanced oxidation­
rates observed for unheated substrates under ion bombard­
ment. Arso, it accounts for the insensitivity to substrate tem­
perature observed in experiments on low-energy ion-beam 
oxidation ofsilicon. Further, it naturaliy explains the limited 
thicknesses observed with this technique even in the absence 
of sputtering. The model is simply extended to the preferred 
growth toward the top surface of the wafer observed in the 
case of buried oxides produced by high energy oxygen im­
plantation. A quantitative evaluation of the process param­
eters based on this model will be published separately. IS 

V. CONCLUSION 

In summary the bombardment of silicon surfaces by low­
energy oxygen-ion beams is observed to lead to the growth of 

ultrathin films of silicon dioxide. The oxide growth is self­
limiting due to the competing processes of surface implanta­
tion and sputtering. Limited thicknesses are also observed in 
the absence of sputtering. The oxidation reaction process is 
explained in terms ofbeam-enhanced reactivity and mobility 
of the oxidizing species. The importance of recognizing the 
spatial limitations of the enhanced oxidation process is 
stressed. The explanation of the process is ~xtended to buried 
Si02 layers produced by oxygen implantation. 
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