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Fig. 1. H-Ter diamond (111) surface model: (a) Three-di-
mensional structure diagram of model atom distribution;
(b) location of diamond (111) surface grid points. Brown
spheres represent C atoms, white spheres represent surface
H atoms.
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Table 1.  Elastic constants and modulus of diamond.

a/A C1/GPa Ci»/GPa Cy/GPa B/GPa E/GPa G/GPa

Text value 3.523 10.311 1.104 5.464 668.621 102.606 34.821

Experimental value %] 3.567 10.764 1.252 5.961 708.082 99.324 33.601
Eae = Losd — Ebasina (2)
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Table 2. Adsorption energies of a single Al atom.

Top T4 H3 Br

By /eV  —892.761 —892.779 —892.776  —892.775
E,q/eV 0.162 0.181 0.176 0.177
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Fig. 2. Adsorption positions and migration paths of single

Al atom on H-Ter surface. The ordinate is the energy diffe-

rence of the insertion point.
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Fig. 3. Charge density distribution of single Al atom ad-
sorbed on Br (a), H3 (b), Top (c), and T4 (d) sites, respec-
tively. The big silver ball in the picture is Al atom. The color
from blue to red indicates the charge density from high to

low.
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Table 3.

surrounding atoms in different adsorption structures.

Amount of charge transfer of Al atom and its

Element
Cl/e C2/e Hl/e H2/e Al/e
Br -0.022 -0.029 0.045  0.045 -0.117
H3 0.025 0.020 0.047  0.046 0.138
T4 -0.026 -0.028 0.047  0.046 -0.137
Top  —0.027 -0.024 0.023  0.072 -0.130
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Table 4.  Adhesion work of the interface formed by

the adsorption position.

Top T4 H3
Waa/(J-m?) 0.019 0.023 0.034
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Fig. 4. Formation process of molten aluminum at the dia-

mond/Al interface.
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Fig. 5. PDOS diagram of metal aluminum-diamond inter-
face. The L indicates the lay of C atom far from the inter-

face.
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Abstract

The simple and convenient metallic mask method is a significant method of preparing diamond
nanostructures. The metallic mask method has poor repeatability and can not give the ideal results, because it
is supported by no theory about formation of surface mental nanoparticles and its technological parameters are
optimized by no experimental techniques that are expensive either. Aiming at the formation and performance of
the diamond/Al interface, this paper adopts the first-principles to study the adsorption and migration behavior
of Al atoms on the H-terminated diamond surface and the structure of the diamond/Al interface. The results
show that the highest adsorption energy is at the T4 position, which is only 0.181 eV, through comparing the
adsorption energies of Al atoms at the highly symmetrical positions (Top, Br, H3 and T4) on the surface of the
H-terminated diamond (111). The adsorption energies at these different positions are similar and the maximum
difference is only 0.019 eV. There is formed no chemical bond, although Al has partial charge transfer on the H-
terminated surface through the analysis of differential charge density and worse layout distribution. This
phenomenon can be considered as electrostatic adsorption. That is to say, the adsorption of Al atoms are
physical adsorption. The smooth potential energy surface also makes it easier for Al atoms to migrate on the
diamond surface. The calculation results reveal that the migration activation energies of the two possible
migration paths (from T4 position to Br position and from T4 to Top position) are 0.011 eV and 0.026 eV
respectively. The above results imply that the metal Al and diamond are mainly connected by weak force, so
the adhesion work of the three diamond/Al interface structures is compared based on the geometric stacking
structure. The results show that the adhesion work of the three interfaces is around 0. These results indicate
that the stability of the diamond/Al interface is not high and the stable structure of the interface is easily
destroyed when the external environment changes. This speculation can be confirmed in molecular dynamics.
When the simulated temperature is 300 °C, the liquefied metal Al obviously accumulates into spheres.
According to the above research results, we deduce that the metallic mask method does not require high
requirements for the relationship between the metal and the substrate material, which depends mainly on the
surface topography of the base material. This research provides an important theoretical reference for

understanding the formation mechanism of metal nanomasks.
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