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Abstract: Plasma-enhanced chemical vapor deposition(PECVD) is an important thin-film manufacturing process for semiconductors.
In PECVD, a chemical reaction occurs between the ionized reaction gas and ion state, and the plasma is driven through a bias electric
field to achieve the final thin film deposition. The uniformity of the gas in this process significantly affects the uniformity of the
chemical reaction in the reactor, which in turn affects the quality of the film. Therefore, incorporating a showerhead is necessary to
homogenize the gas, and the corresponding homogenization performance is determined by the structural characteristics of the
microchannels. Currently, there are few studies on such microchannels, and systematic evaluation of the differences between various
microchannels has not been performed. Based on research in the field of microchannels in rarefied environments, research on the
uniformity of microchannel jets has been extended. In simulating the three-dimensional structure, a continuous flow calculation
method with slip boundary correction and a hexahedral grid structure were employed to analyze the flow field of a microchannel with
a circular section of variable diameter, and the flow properties of the microchannel with a Knudsen number of 0.009 1-0.010 9 were
obtained. The diameter of the equal-diameter-type microchannel is 0.8 mm and the length is 8 mm. The calculated results are
consistent with the experimental and calculated results for the other microchannels. Owing to the lack of measurement methods for jet
uniformity, those of different regions or velocities cannot be compared. Therefore, a quantification method and standard for jet
uniformity are proposed to distinguish between uniform, nonuniform, and sub-uniform jets. This allows simple comparison of
sub-uniform jets, as well as various jet uniformities, by integration. Based on the quantitative method of jet flow uniformity, the flow
characteristics of representative expansionary, contractile, and equal-diameter microchannels were analyzed, and the effects of
constricting and expanding cavities on the flow field were studied. The development process of the flow field in different

microchannels was analyzed using a transient calculation method to determine the cause of the change in jet uniformity in different
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microchannels. The differences in the jet uniformity of expansion cavities of different sizes were compared and analyzed, and the
principle of the influence of the expansion cavity geometry on fluid diffusion was determined. The results show that, compared with
the equal-diameter- and contractile-type microchannels, the jet uniformity in expansionary-type microchannels clearly changes with
the geometry. When the length and diameter of the equal-diameter- and contractile-type microchannels were varied, there was no
significant difference in the uniformity of the jet flow. When the taper of the expansionary type is too large, the characteristics of the
expansion cavity are lost, reducing the uniformity. Expansionary-type microchannels have better diffusivity, and thus the
corresponding jet uniformity is better than that in equal-diameter- and contractile-type microchannels. Nevertheless, the vortex formed
by the jet has a negative effect on uniformity. The outlet positions of the equal-diameter- and contractile-type microchannels formed a
vortex that hindered fluid diffusion. Similarly, when the taper of the expansionary type is too large, a vortex forms in the expansion
cavity, which reduces the jet uniformity.

Keywords: microchannel; jet uniformity; uniformity quantification; expansion cavity; plasma-enhanced chemical vapor
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Fig. 1 Schematic diagram of geometry and mesh
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Fig. 2 Mesh density and velocity curves in the microchannel
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computational domain sizes in the jet region
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Fig. 5 Schematic diagram of nonlinear pressure distribution
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the simplified structure
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Fig. 18 The uniformity curves of the simplified model at 5-45 mm axial positions
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