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FIG. 2. Sputtering rate for low-energy argon ion bombardment of silicon 
dioxide. Rate is measured in angstroms sputtered per dose of 1017 incident 
ions per cm2

. 

of the beam energy deposition and consequent defect pro­
duction. 

The stoichiometry of the film as a function of depth for 
increasing dose is shown in Fig. 3 for the case of 100 eV Oz 
bombardment. An interesting feature of the evolution is ap­
parent. It is seen that the interface between oxide and silicon 
is initially broad, but as the surface erodes due to sputtering, 
the interface becomes more sharp. The width of the interface 
explains electrical characterization results, such as lower 
channel mobility in ion beam oxide MOS transistors, and 
anomalously larger capacitance-voltage measurements of 
oxide thickness. 10 

The simulated dependence of the oxide film thickness 
on ion dose for 100 eV bombardment is presented in Fig. 4, 
where it is compared to experimental results. Since the ex­
perimental data are obtained by ellipsometry, the simulated 
thickness is determined in two ways. In the low dose case, 
where no stoichiometric oxide has been formed, the thick­
ness is plotted according the position of the steepest gradient 
in oxygen concentration, which is approximately halfway 
through the transition region. For higher doses, in which 
stoichiometric SiOz has been formed, the edge of the stoi­
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Si 02 f-....:6~0~........:;~"....._---:.;~~ 
40 

20 

o 10 20 30 40 50 60 70 80 

Depth into torget (Al 

FIG. 3. Simulation of oxide growth evolution. Plot shows bonded oxygen 
concentration as a function of depth for 100 eV 0; ion bombardment. 

Numbers indicate elapsed time in seconds for an ion beam current density of 
100/l-A/cm'. 
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FIG. 4. Oxide thickness as a function ofdose measured experimentally and 
simulated using the implantation-sputtering model for 100 eV 0,+ bom­

bardment. 

chiometric region is used to assess the thickness. For 60 eV 
bombardment simulations in which sputtering is negligible, 
the film thickness grows logarithmically with dose, and is 
also in excellent agreement with experimental observations. 

The simulated final oxide thickness as a function of ion 
beam energy is shown in Fig. 5. Also shown are the experi­
mental data, which show good agreement. Note that the ex­
perimental and simulated data show a maximum in thick­
ness for the 5~60 eV energy range. The maximum is a result 
of the competing processes of implantation and sputtering. 
The calculated thickness for 140 eV bombardment is lower 
than the experimental data due to an overestimation of sput­
tering in the I-S model. The low-energy ion beam sputtering 
model ofoxides assumes that sputtering ofoxygen is not rate 
limiting, an assumption which begins to fail at higher ener­
gies.9 

In summary, an implantation-sputtering model without 
adjustable parameters has been presented for the low-energy 
ion beam oxidation of silicon. The model explains the weak 
dependence of oxide thickness on temperature, energy, and 
dose. The excellent agreement between simulation and ex­
periment allows the important conclusion that range and 
straggle predicted by linear cascade theory and the binary 
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FIG. 5. Oxide thickness as a function of ion energy measured experimental­
ly and simulated using the implantation-simulation model. O2 dose: 3X 1017 
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collision approximation appear to be applicable at these low 
ion energies. 
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