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Optimization of inlet velocity profile for uniform epitaxial growth
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A numerical optimization procedure is developed to find the inlet velocity profile that yields the most uniform epitaxial
layer in a vertical MOCVD reactor. It involves the solution of fully elliptic equations of motion, temperature, and
concentration; the finite volume method based on SIMPLE algoritm has been adopted to solve the Navier-Stokes
equations. The overall optimization process is highly nonlinear and has been efficiently treated by the sequential linear
programming technique that breaks the non-linear problem into a series of linear ones. The optimal profile approximated
by a 6th-degree Chebyshev polynomial is very successful in reducing the spatial non-uniformity of the growth rate. The
optimization is particularly effective to the high Reynolds number flow. It is also found that a properly constructed inlet
velocity profile can suppress the buoyancy driven secondary flow and improve the growth-rate uniformity.
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Fig. 1 Schematic of a vertical CVD reactor.
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Table 1 Results of inlet velocity profile optimization for various operating

parameters.
H Re | GriRé - .E(xmo) — — & —
unoptimized | optimized | unoptimized | optimized
1 1 0 5.34 2.15 1.46 1.57
" 10 " 2.95 0.319 3.63 4.11
" 50 ! 4.11 0.197 7.98 10.5
" 100 ! 4.36 0.220 113 15.5
0.5 1 " 1.11 0.309 2.37 243
" 10 " 0.583 0.0294 4.96 5.14
" 100 " 1.54 0.111 15.1 17.1
1 10 5 2.18 0.32 3.50 3.92
" " 50 24.5 5.87 3.99 441
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Fig. 4 Optimal inlet velocity profile for various inlet Fig. 5 Distributions of normalized growth rate as a
flow rates and reactor heights. function of radial position for F=1.
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Fig. 6 Isovels of axial velocity component for H=1 and Re=100.
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Fig. 7 Streamlines of mixed convection flow for Re=10 and Gr/Re’=50.
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