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Fig. 1. Double-substrate waveguide type MPCVD device.
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Fig. 2. Schematic diagrams of single crystal diamond
(100) crystal face edge: (a) Treatment diagrammatic
sketch; (b) sample photo.
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Table 1. Growth parameters of single crystal diamond

edges at different angles.

Sample CH4/Ho Pressure/kPa Angle/(°) Inclined surface

a 6% 15 0.8 (171 0)
b 6% 15 2.1 (127 0)
c 6% 15 3.8 (115 0)
d 6% 15 5.7 (110 0)
e 6% 15 7.1 (180)
f 6% 15 11.3 (150)
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Fig. 3. Optical photos of the edge of single crystal diamond grown at different angles for 8 h: (a) 0.8°;
(b) 2.1°; (c) 3.8°%; (d) 5.7°; (e) 7.1°; (f) 11.3°.
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Fig. 4. Edge plasma emission spectrum of single crystal diamond varies with the angle of the inclined surface:

(a) Plasma analysis region; (b) change in spectral intensity of each group; (c) change in Co/Hy ratio.
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Fig. 5. Single crystal diamond layered step growth
model.
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values of inclined faces at different angles.
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Fig. 8. Simulation of the growth of carbonaceous precursors on the single crystal diamond steps: (a) Wide

width steps; (b) medium width steps; (c) narrower width steps.
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Abstract

Polycrystalline diamond is easy to appear at the edge of single crystal diamond grown by homogeneous epitaxial
growth, which makes it difficult to enlarge the two-dimensional surface area of single crystal diamond. In this study,
the microwave plasma chemical vapor deposition (MPCVD) is used, the edge of the single crystal diamond (100) crystal
face is finely cut and polished to form an inclined surface which is different from the (100) crystal plane at different
angles. After being pretreatment, homogeneous epitaxial growth is carried out in a double-substrate waveguide-type
MPCVD device with CHy4/H; reaction gas. At the same time, the variation of plasma near the inclined plane of (100)
crystal edge is analyzed by optical emission spectroscopy to study the effect of the tilting on the growth of the diamond
edge. The experimental results show that the angle of the inclined surface of the edge has an effect on the quality of
single crystal epitaxial growth of the edge. As the angle of the inclined surface of the single crystal diamond increases,
the quantity of edge polycrystalline diamond first decreases and then increases. At an oblique angle of 3.8°, the edge
exhibits complete single crystal epitaxial growth characteristics, which conduces to expand the surface area of single
crystal diamond. According to the analysis, the inclined surface at different angle changes the surrounding electric field
strength and plasma density of the edge, resulting in the change of carbon-containing precursors reaching the surface
of the substrate. When the concentration of carbon-containing precursors on the inclined step surface is higher than
the growth threshold of layered step, excessive carbon-containing precursors will constantly collide with each other and
accumulate to form polycrystalline diamond on the step. When the concentration is lower than the growth threshold
of layered step, the carbon-containing precursors on the surface of the substrate will be laid out to form a layered step.
Therefore, the edge effect during the growth of single crystal diamond is weakened at the tilt angle of 3.8°, which leads
the concentration of carbon-containing precursors on the inclined step surface to be lower than the growth threshold of

layered step.

Keywords: single crystal diamond, inclined surface, chemical vapor deposition, edge steps

PACS: 81.05.ug, 52.25.-b DOI: 10.7498/aps.67.20181537
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