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Abstract 

 Understanding the gas-phase chemistry of silicon hydrides can provide important insights to the semiconductor 
industry, and more complete and accurate models of these systems can be built using automatic mechanism generators. 
The open-source software Reaction Mechanism Generator (RMG) was extended in order to automatically build a detailed 
kinetic model for silane thermal decomposition. Thermodynamic data for silicon hydrides were added to RMG’s database, 
both from quantum calculations and literature values.  Reaction families relevant to silane decomposition were also added 
to RMG, and existing families were updated with data for silicon hydrides. A simulation in Cantera, using the generated 
model, was compared to experimental data for silane decomposition in a flow tube reactor reported by Onishuck et al. (Int. 
J. Chem Kinet., 30, 99, 1997). Results show promise that automatic mechanism generation can reasonably predict gas-
phase pathways in silicon hydride chemistry, allowing extension to systems for which the detailed chemistry is unknown. 
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Introduction 

The gas-phase chemistry of the precursors to chemical 
vapor deposition (CVD) directly affects the yield and 
quality of the materials produced. Silane (SiH4) CVD has 
been well studied experimentally and theoretically, but 
the detailed chemistry of the process is not fully 
understood. Complete, detailed models of the reactions of 
these precursor gases can provide necessary insights to 
the semiconductor industry, and studying SiH4 can serve 
as a proof-of-concept that can be extended to other novel 
gas precursors. However, building these large 
mechanisms by hand is tedious, and automatic mechanism 
generators can be used to build the models faster and 
minimize errors. Wong et al. (2004) previously used 
automatic mechanism generation to build a model for 
silicon nanoparticle formation from SiH4 decomposition; 
however, radical pathways were not considered, and the 
model results were not compared to experimental data for 
SiH4 thermal decomposition. 
 

Reaction Mechanism Generator (RMG) is an open-
source, automatic mechanism generation software 
developed at MIT and Northeastern University. RMG has 
typically been used to build models involving gas-phase 
hydrocarbon combustion and has functionalities for 
chemical species containing carbon, hydrogen, oxygen, 
sulfur, nitrogen and chlorine. In this work, a new element, 
silicon, was added to RMG.  Specifically, thermodynamic 
and kinetic data for silicon hydrides were included in 
RMG’s database. 

 
Using the new data in RMG, a model for SiH4 

thermal decomposition was built. The resulting model 
was used to simulate a flow reactor in the open-source 
reactor modeling software Cantera. These simulations 
were compared to SiH4 flow tube experimental data 
obtained from Onischuk et al. (1997). 



 

Methods 

Swihart and Girshick (1999) developed molecular 
structure based group additivity values for silicon hydride 
thermochemistry, which were added to RMG’s database 
and are sufficient for calculating the thermochemistry of 
closed-shell species. To obtain thermochemistry for 
radical species, CBS-QB3 calculations were performed. 
The Cantherm package was used to parse the quantum 
chemistry output files and calculate the thermochemistry 
values for these species. 

 
RMG proposes reactions that match templates 

defined by reaction families, and estimates kinetics for the 
reactions using the data available for similar reactions. 
New reaction families were added to RMG according to 
those reactions reported in literature, and kinetics group 
additivity values from Adamczyk et al. (2010a, 2010b). 
These new reaction families include silylene insertion and 
silylene to silene isomerization. In addition, data for 
silicon hydrides were added to two existing reaction 
families in RMG: hydrogen abstraction and radical 
recombination. In total, four reaction families which 
include functionality for silicon hydride reactions are now 
included in RMG. Two libraries of rate parameters for 
specific reactions were also added to RMG’s database; 
these library reactions are from Giunta et al. (1990) and 
Dollet and de Persis (2007). 

 
Using this upgraded database, RMG models were 

generated using the conditions 913 K, 39 kPa, and a 
starting SiH4 mole fraction of 0.0016 in an inert argon 
bath, to match the conditions of Onischuk et al. (1997). 
RMG uses a rate-based criterion to select which reactions 
to include in the model, and the tolerance was varied to 
investigate the effect of different sized models. Using 
Cantera, a flow reactor was simulated, under the same 
conditions as the RMG simulation, using the generated 
model. Operating temperature, pressure, and SiH4 initial 
concentration were varied in additional simulations. 

Conclusions 

Comparison of Cantera simulations using the RMG-
generated model to experimental results from Onischuk et 

al. (1997) reveal similar results for the SiH4 concentration 
profile over time. Slight modifications to the rate 
parameters of important reactions, and to process 
conditions used in the Cantera simulation, reveal closer 
agreement to the experiment. These results show that 
RMG provides a reasonable framework for predicting 
pathways in gas-phase silicon hydride chemistry, and also 
serves as a starting point to investigate surface reactions 
involving silicon hydrides. RMG extension to surface 
chemistry will allow more rigorous comparison to CVD 
experiments. 
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