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Abstract

In the present study, the quantitative relationship between gas flow and epitaxial growth of GaN in MOVPE reactor AIX-200/4RF-S is addressed. To determine the influence of process
parameters on crystal growth a series of computer simulations in accord with experimental processes have been performed. The software used for these calculations was ANSYS Fluent.
Results show that temperature and gas distribution in the chemical reactions area are not homogeneous regardless the mass flow of inlet gases and the heating temperature. The study
exhibited that velocity profile in reactor depends on temperature of the reactor walls, mass flow rate on the inlet and rotation of the plate. Reactor geometry gets a symmetric plane but
because of the rotation of the plate, velocity profile inside the reactor doesn't get such symmetry. This asymmetric flow changes the proportion of hydrogen and gases that participate in
chemical reactions over plate. Determining the most homogeneous temperature range and the proportion of hydrogen, ammonia and trimethylgallium over the chemical reactions area in
the epitaxial process of crystal growth will allow to optimize the process parameters and to obtain the crystal of best quality.

Silicon carbide-based semiconductors carbide are commonly used
materials for applications such as Hihgh Electron Mobility Transistors
(HEMT), Insulated Gate Bipolar Transistor (IGBT), Metal-Oxide
Semiconductor Field-Effect Transistor (MOSFET), Metal
Semiconductor Field Effect Transistor (MESFET), Junction gate Field
Effect Transitor (JFET), high power blue diodes, LEDs and LD diodes.
Epitaxy from gaseous phase with use of metalorganic compounds is a
widely used epitaxial method for manufacturing such semiconductors.
Epitaxial growth is a commonly used process for manufacturing such
materials, because from technological point of view, epitaxial layer can
be created as a single crystal, without grain boundaries and other
defects, soit produces a crystal of highest quality.

Since there are many agents influencing reaction on crystal area such
as temperature, pressure, gas flow or reactor geometry, it is difficult to
design optimal process. Experimental analysis is difficult mainly due to
high temperature and flow disturbance caused by introducing
measuring probes. Numerical simulations allow to understand the
process by calculation of heat and mass transfer distribution during
growth process of GaN crystal.

This study concerns the influence of the inlet gases and heating
temperature on the process of crystal growth in MOVPE reactor. In
order to investigate this subject a series of computer simulations and
experimental processes have been performed. The software used for
these calculations was ANSY'S Fluent.

Figure 1.
Chamber of MOVPE reactor

Figure 2.
Schematic model of MOVPE reactor

To study the influence of reagents mass flow rate and heating
temperature on the crystal growth, model of MOVPE reactor model
AIX-200/4RF-S has been created. The MOVPE reactor and its model
are shown on Figures 1and 2.

The finite element mesh of 300.000 triangular elements has been
created for the geometry of the reactor. The mesh is refined over the
chemical reaction area, since it's the area of biggest importance, and
mesh should be the most accurate above it.
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Temperature distribution inside the MOVPE reactor in process with heating temperature of 1383K.

Table 1. Process parameters for studying temperature influence on crystal growth Table 2. Process parameters for studying the influence of hydrogen mass flow rate on crystal growth
Rotation speed of the  Hydrogen mass flow  Nitrogen mass flow | Trimethylgallum mass Rotation speed of the  Hydrogen mass flow | Nitrogen mass flow | Trimethylgallum mass
Process Terperature (K] T gl racys) rate [scem] rate scem] flow rate [scem] process Temperature (K1 T gy fracs) rate scem] rate [scem] flow rate [scem
1 1073 a 6000 1 1383 5 2
2 1273 a 5000 2000 20 2 1383 5 3000 2000 2
3 1383 4 6000 2000 20 3 1383 5 6000 2000 20
4 173 a 6000 2000 20 4 1383 5 12000 2000 20
a) b)
a) b)
c) d)
) d)
Figure 4. Figure 5.
Temperature distribution over the SiC plate in MOVPE reactor for chosen temperature range: Velocity profile inside the MOVPE reactor for chosen hydrogen mass flow rate range:
a)1073 K; b) 1273 K; ©) 1383 K; d) 1473 K. a) 1500 sccm ; b) 3000 scem 5 ¢) 6000 scem ; d) 12000 sccm.

To compare the influence of specific parameters on the distribution of heat and mass inside the reactor, a series of simulations was performed
changing one of the parameters at a time. Temperature of heating element was changed within the range of 1073K to 1473K (Figure 4) and the inlet
gases temperature was 300K. Mass flow rate for this range of temperature was constant. Process parameters for studying temperature influence
are listed in Table 1. The disk on which the silicon carbide plate is placed was rotating during the process with speed of 4 rad/s. Mass flow rate of
hydrogen was changed within the range of 1500- 12000 sccm (Figure 5). Changes of mass flow rate were made for processes with temperature of
1383 K (Figure 3) and rotation speed of 5 rad/s. Processes parameters for studying mass flow rate influence are listed in Table 2.

Reagents were introduced to the reactor with two separate inlets, and mixing takes place before the monocrystal area. It was observed that
increasing of the heating temperature increases homogeneity of the mixture over the chemical reactions area.

SIC plate
Figure 6. Figure 7.
Temperature distribution over the epitaxial growth area of MOVPE reactor for processes in Temperature distribution over the epitaxial growth area of MOVPE reactor for processes with
temperature : 1073, 1273, 1383 and 1473 K. hydrogen mass flow rate : 1500, 3000, 6000 and 12000 sccm.

Conclusions

Results show, that flow parameters change according to mass flow rates of gases. The study exhibited that velocity profile in reactor depends on
temperature of the reactor walls, mass flow rate on the inlet and rotation of the plate. Regardless the temperature of heating element, temperature and
density of reagents over the SiC plate are not homogeneous. Variation of the mass fraction distribution of the reagents with change of temperature and
hydrogen mass flow rate has been observed. Experimental verification will allow to determine the dependence between quality of obtained crystal and
change of the temperature gradient over the plate. Determining a valid range of density and temperature of gases in the process of epitaxial crystal
growth will allow to optimize process parameters and to obtain crystals of best quality.
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