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The growth of high quality AlN epitaxial films relies on precise control of the initial growth stages. In this work, we investigated 
the influence of trimethylaluminum (TMAl) pretreatment of sapphire substrates on the properties, impurity incorporation and 

growth mode change of AlN films grown by metalorganic chemical vapor deposition (MOCVD). Without the pretreatment, no trace 
of carbon was found at AlN/sapphire interface and the residual oxygen resulted in N-polarity. With 5s pretreatments, carbon started 
to be incorporated, forming scattered carbon-rich zones due to the decomposition of TMAl. It was discovered that carbon attracted 
surrounding oxygen impurity atoms and consequently, suppressed the formation of N-polarity. With 40 s pretreatment, a significant 
presence of carbon clusters at the AlN/sapphire interface occurred, which attracted considerable co-existed oxygen. While preventing 
the N-polarity, the carbon clusters served as random masks to further induce a 3D growth mode, creating Al-polar AlN nanocolumns 
with different facets. The properties of AlN and epitaxial growth mode change are discussed 
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