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TRANSPORT MODELING OF NONEQUILIBRIUM VAPOR PLUME IN EBPVD

LI Shuaihui FAN Jing SHU Yonghua
(State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, CAS, Beijing 100190)

Abstract Electron-beam physical vapor deposition (EBPVD) is an essential way to fabricate modern functional
thin films. Transport modeling of nonequilibrium vapor plume in EBPVD is reviewed in this paper.First, a
valid condition of the classical cosine law widely used in the engineering context is analyzed. Kn, =0.5, the
local Knudsen number at the evaporation surface, is adopted as a breakdown criterion on the free molecular
assumption. As evaporation rates increase, the cosine law will not hold true anymore. The direct simulation
Monte Carlo (DSMC) method is a general numerical technique for computation of this kind of low-density, non-
equilibrium flows. So the second issue is how to determine collision cross sections for metal vapor atoms used
in DSMC method. Afterwards, yttrium and titanium alloy films were prepared using our EBPVD facility on 4-
inch mono-crystal silicon wafers. The theoretical and DSMC results are found in excellent agreement with our
measurements. The last issue is how to make thin film thickness and molar ratios between components
uniformly distribute over a large area, through arranging evaporation source positions properly and rotating the
substrate. This can be taken as an indication that a combination of DSMC method with elaborate measurements
may be satisfactory for predicting and designing accurately the transport process of EBPVD at the atomic level.

Key words electron-beam physical vapor deposition (EBPVD), transport modeling of nonequilibrium vapor
plume in vacuum, breakdown criterion of free molecular flow, VHS model, the direct simulation Monte Carlo
(DSMC) method, fabrication techniques of large-area uniform thin film



