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High-density low-pressure inductively coupled plasma (ICP) sources are widely used for etching of 

semiconductors and metals in the microelectronics industry
1
. Plasma and etch uniformity, etch 

selectivity and anisotropy are important parameters for optimizing plasma etch processes to satisfy the 

need for continuing downscaling of semiconductor devices. A two-dimensional numerical hybrid 

fluid Monte Carlo model is being used to investigate the influence of operating conditions such as 

input power, dc substrate bias, wall temperature and gas pressure on the Ar/Cl2/O2 plasma used for 

silicon etching. 

 

     
Fig. 1: Scheme of the ICP reactor used in the model. 

 

The model that is used is the hybrid plasma equipment model (HPEM), developed by Kushner et al
2
. 

This model for ICP reactors is 2D (cylindrically symmetric) and consists of an electromagnetics 

module (EMM), an electron energy and transport module (EETM) and a fluid kinetics simulation 

(FKS). After defining the reactor geometry and conditions, the HPEM calculates the electromagnetic 

fields in the EMM. When these fields are calculated in every point of the reactor, the electron density, 

energy and electron impact reaction rates are calculated in the EETM. The FKS uses the electron 

impact reaction rates as input to calculate plasma species densities, fluxes, source functions and the 

electrostatic field by solving Poisson’s equation. This electrostatic field is used again as input in the 

EMM to calculate new electromagnetic fields until convergence. During the simulation, an extra 

module is applied to calculate surface interactions, such as an etching process, and returning species 

to the plasma region. 

Table 1 gives an overview of the species included in the model. In total, 98 electron impact reactions, 

63 heavy particle reactions and 80 surface reactions are included in the model. 
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Table 1: Species included in the model. 
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Typical results of the model include the potential and electric field distribution in the plasma, density 

profiles, fluxes and energies of the plasma species and information on their collision processes and 

chemical reactions. These results will be presented for a wide range of parameters such as wall 

temperature, substrate bias, gas mixture, source power deposition, pressure and gas flow. 

Furthermore, the influence of these conditions on the etching process at substrate-level is investigated 

as well. The calculated results will be compared to experimental etch rates to obtain insight in the role 

of radicals and ions in the etch processes. 

 

 

Fig. 2: (Left) Experimentally measured etch rate and ion fluxes as a function of position on the substrate for an 1/9 

Ar/Cl2 mixture. (Right) Ion densities within the plasma volume in function of source power for an 5/85/10 

Ar/Cl2/O2 gas mixture. 

 

 
Fig. 3: (Left) Average gas temperature and (right) electron density for an 5/85/10 Ar/Cl2/O2 plasma at 1000 W and 

5 mTorr. 
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