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FIG. 2. Experimental results on sputtering of silicon dioxide by low-energy 
argon ions. 

significantly more precise measurement of the sputtering 
rate, and material removal has been observed at energies as 
low as 40 eVe 

The experimental results on sputtering Si02 by Ar ions 
are summarized in Fig. 2, where they are compared to the 
experimental data of Jorgenson and Wehner lo and the high­
er energy data of Oostra et al.') Note that although widely 
cited, the data of Jorgenson and Wehner are obtained under 
quite different experimental conditions with the oxide film 
covering a thin tungsten wire immersed in a dc discharge. 

Theoretically, the sputtering of monatomic targets is 
well understood, II and good descriptions of the sputtering 
yield near thresholds can be obtained by semiempirical for­
mulas ."2-14 that introduce modifications ofSigmund's theory 
to account for the existence of a sputtering threshold. Very 
good agreement with experimental data is generally ob­
served. 

The sputtering process for multicomponent targets is 
more difficult to describe. The collision cascade process will 
affect each target component differently. Apart from caus­
ing the ejection of atoms from the target surface, the ion 
bombardment may also lead to target mixing, segregation, 
enhanced diffusion, and other processes. 15 Thus the correct 
description must take into account the changes in composi­
tion of the target brought about by the ion bombardment and 
how these changes are reflected in the sputter particle flux. 
This discussion will concern only the sputtering of oxides; 
the behavior of compounds or alloys consisting only of low­
vapor-pressure materials may be quite different. 1(, 

In this letter the simple assumption is made that oxygen 
is initially preferentially ejected and that the nonvolatile 
component (silicon) limits the sputtering process. This as­
sumption is supported by prior experimental evidence that 
the sputtering of metallic oxides by low-energy ( < I keV) 
ions leads to the enrichment of the metal component within 
several monolayers of the surface. 16 This effect is expected to 
become especially pronounced at energies near the metal 
sputtering threshold, in agreement with the general observa­
tions on sputtering of binary targets whose components have 
different sputtering threshold energies. I~ 

Further support for this assumption comes from pre­
viously reported experimental data concerning the sputter­
ing yield of Ta and Ta:ps.17-2o Our assumption correctly 
predicts that the removal of equal numbers of tantalum 
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FIG. 3. Comparison of calculated and measured sputtering rates for Ar' ­
bombarded SiO,. 

atoms leads to a 2A8-fold decrease in the volume of Ta20 s, 
as compared to Ta, for 100 eV Ar+ and 500 eV He+ bom­
bardment. This ratio degrades with higher bombardment 
energies, since the ejection of the material takes place from a 
layer whose composition can no longer be approximated as 
pure tantalum. 

Applying this assumption to the case of low-energy ar- . 
gon sputtering of silicon dioxide leads to the similarly cor­
rect predictions. The removal of the same number of silicon 
atoms will ctecrease the v0!ume of a Si02 sample 2.21 times 
the change in the volume of a silicon sample. Thus use of the 
sputtering yield of silicon calculated according to Matsun­
ami el al. ll with the threshold energy E'h = 27 eV as sug­
gested by Yamamura and Bohdansky'4 leads to excellent 
agreement with the experimentally obtained data, as shown 
in Fig. 3. The inadequacy of the assumption at higher ener­
gies is pointed to by the slight deviation of the data from the 
predicted curve. 

In summary, the sputtering yield of Si02 under low­
energy argon ion bombardment has been measured in the 
range 40-100 eVe An assumption for understanding the en­
ergy dependence in terms of low-energy silicon sputtering 
with a simple volumetric rate adjustment leads to excellent 
prediction of the experimental data. The assumption has 
been extended to predicting other oxide sputtering rates with 
equal success. 
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