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Abstract

Vacuum thin film deposition experiments play a crucial role in materials science education due to
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their complex procedures, extensive theoretical background, and broad applications. To enhance
teaching effectiveness, exploring diverse instructional approaches and methods has become a key task
for educators. In this study, molecular dynamics (MD) simulations were employed to investigate the
deposition processes and growth modes of aluminum (Al), gold (Au), and nickel (Ni) thin films. The
simulations visually demonstrated three fundamental growth modes: island growth (Volmer-Weber),
layer-by-layer growth (Frank-van der Merwe), and mixed island-layer growth (Stranski-Krastanov).
Through this approach, students can directly observe the microscopic evolution of film formation and
distinguish between different growth mechanisms, thereby improving their scientific literacy and
problem-solving skills. Furthermore, this work provides a valuable exploration of virtual-physical
integrated experimental teaching based on molecular dynamics, contributing to the advancement of
experimental pedagogy.
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Figure 1. Schematic diagram of the three-dimensional model structure of the vacuum thin film deposition simulation process
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Figure 2. Evolution of the microscopic film-forming process of aluminum atoms in vacuum at 300 K: (a) 0 ns; (b) 10 ns; (c)
20 ns; (d) 30 ns; (e) 40 ns; (f) 50 ns
& 2. 300 K $5[E FES MM IERILIIIZ: (@) 0ns; (b) 10ns; (c) 20 ns; (d) 30 ns; (e) 40 ns; (f) 50 ns

Figure 3. Morphology of aluminum film growth at different substrate temperatures: (a) 300 K; (b) 400 K; (c) 500 K; (d) 600
K; (e) 700 K; (f) 800 K
E 3. NEEKEE TRIREKFEIR: () 300K; (b) 400 K; (c) 500 K; (d) 600 K; (e) 700 K; (f) 800 K
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Figure 4. Evolution of the microscopic film-forming process of gold atoms in vacuum at 300 K: (a) 0 ns; (b) 10 ns; (c) 20 ns;
(d) 30 ns; (e) 40 ns; (f) 50 ns
[E 4.300 K £ E FETHMAIERLIIIZ: (@) 0ns; (b) 10ns; (c) 20 ns; (d) 30 ns; (e) 40 ns; (f) 50 ns

Figure 5. Morphology of gold film growth at different substrate temperatures: (a) 300 K; (b) 400 K; (c) 500 K; (d) 600 K; (e)
700 K; (f) 800 K
E 5. FARZERKEE TERERKFEH: (2)300K; (b)400K; () S00K; (d) 600 K; (e) 700 K; (f) 800 K
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Figure 6. Evolution of the microscopic film-forming process of nickel atoms in vacuum at 300 K: (a) 0 ns; (b) 10 ns; (c) 20
ns; (d) 30 ns; (e) 40 ns; (f) 50 ns
& 6. 300 K £ [E FET MM IERIIIZ: (@) 0ns; (b) 10ns; (c) 20 ns; (d) 30 ns; (e) 40 ns; (f) 50 ns

Figure 7. Morphology of nickel film growth at different substrate temperatures: (a) 300 K; (b) 400 K; (c) 500 K; (d) 600 K;
(e) 700 K; (f) 800 K
7. AEIRKEETEBEE KSR : (a)300K; (b)400K; (c) 500 K; (d) 600 K; (e) 700 K; (f) 800 K
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