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Study on Stress of Single Crystal Diamond at Different Growth Stages
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Hubei Key Laboratory of Plasma Chemical and Advanced Materials( Wuhan Institute of Technology) , Wuhan 430025, China

Abstract: The stress of single crystal diamond at different growth stages was studied using a laboratory-made
10 kW microwave plasma device. The distribution and contents of several major groups at different growth stages
were analyzed through plasma state parameter simulation and emission spectrum diagnosis. The surface
morphology and crystal quality of diamond were characterized by scanning electron microscopy and Raman
spectroscopy. The electric field density and plasma density in the edge region of the single crystal diamond
gradually increase throughout the entire growth stage. At a certain power, the plasma density in the central
region weakens. In addition, as the thickness increases, the difference between the plasma state parameters
becomes more significant, resulting in the change of single crystal diamond growth pattern. The layered growth
on the surface of the crystal diamond changes to gradient growth. The multi-directional competitive growth at the
edges becomes imbalanced, and the polycrystalline with disordered orientation is produced at the edges. Under
the influence of this growth pattern, the growth stress and thermal stress of single crystal diamond alternately
affect its growth state. As a result, at the initial growth stage, the stress of single crystal diamond is small and
evenly distributed. With the increase of growth time and thickness, the growth stress caused by defects and the
thermal stress induced by temperature difference have significant influences on the single crystal diamond,
resulting in the generation of cracks in the diamond.
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Fig. 1  Electromagnetic field simulation distribution:

(a)plasma density, (b)electric field intensity
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Fig.2 Plasma emission spectra of diamond edges with

different growth times
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Fig. 3 SEM and optical images of diamond at different growth
stages: (a)20 h,(b)56 h,(¢)112 h,(d)200 h
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Tab. 1  Stress of samples at different growth stages
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Fig. 4 Raman spectra of single crystal diamond at

different growth stages
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