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Optical emission spectroscopy has been used to characterize diamond MPACVD plasmas
operating at high power density. H-atom density in the plasma bulk and near the diamond substrate
surface have been estimated using actinometry technique for a wide range of working conditions
(pressure [25-400] hPa and MW power [600-4000] W). An increase of the pressure and power
causes an increase of H atom mole fraction in the plasma bulk from 0.1 to up to 0.6 and the rise of
the [H] near the surface up to 2.6.1016 cm-3. Furthermore, we show that the growth rate can be seen
as entirely governed by H atom production.

I. Introduction
Microwave plasma assisted chemical vapour deposition (MPACVD) for diamond growth have been
widely studied under medium pressure conditions, for which H atoms and CH3 radicals have been
shown to constitute the key species for growing crystal diamond [1-4]. In particular Goodwin [1] has
established a simple growth model which highlights the role of the surface concentrations of these
both species. The growth of very high purity and high quality diamond at ultra-high rates relies on
high production of hydrogen atoms and methyl radicals in a very clean system, and their transport to
the growing surface. To understand how the experimental conditions impact the growth mechanisms at
high pressure/high power (> 100 hPa, > 2 kW) H and CH3 plasma concentrations have to be
determined, especially near the surface. In this work, optical emission spectroscopy is used to provide
experimental quantitative evidences on the mechanisms that drive the diamond growth at high power
density and to compare them with theoretical model. The relationship between H-atom density and
growth rate is discussed.
II. Experimental Results
The microwave (MW) diamond deposition reactor is a water-cooled stainless steel nearly resonant
cavity that has operated at high pressure (up to 400 hPa) and high power density operations (15004000 W). The discharge, produced by a 2.45 GHz MW generator, sparks off the activation of the feed
gas (0-7%CH4/4%Ar/H2) which leads to the formation of a close to hemispheric plasma on the 5 cm
diameter substrate holder supporting a crystal diamond substrate. Actinometry technique, which has
already been validated for diamond deposition in CVD reactor [5-7], is used for probing hydrogen
atom for high power density conditions. Emission spectra of Hα (656.3 nm), Hβ (486.1 nm), and
4p→4s Argon transition (2p1 1s2 at 750.3 nm) were recorded into the plasma bulk (1.5cm above
the substrate) for different power density conditions. From these measurements we highlight that, as
the pressure is increased from 25 hPa to 400 Pa and simultaneously the power from 600 W to 4000 W,
the H-atom mole fraction rises from 0.1 to around 0.6 and also that the electron temperature decreases
from 16000 K to around 11000 K.
Since diffusion is responsible for the H-atom transport to the surface, the surface H-atom mole
fraction is linearly related to its maximum value into the plasma volume. Figure 1 shows that the
higher the power density, the higher the [H] surface, reaching an asymptote at 2.1016 cm-3 for pressure
higher than 250 hPa. Indeed, increasing the power density decreases the mass boundary layer and so
rises the H atom flux to the surface. These results are compared with calculated one and spatially
resolved H emission measurements that provide [H] surface mole fraction. Furthermore, H atom
concentrations from actinometry technique are to be compared with H-TALIF measurements. Finally
from modelling, we have demonstrated that CH3 concentration at the surface is a linear function of the
H-atom density into the plasma bulk and of the square root function of methane percentage introduced
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in the discharge. Then from Goodwin model we can state that, at very high power density, the growth
rate is entirely governed by H atom production leading to the following frame:
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Figure 2 shows that equation (1) well describes experimental values of the growth rates measured in our
laboratory.

Fig. 1: H surface density vs pressure and microwave power
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Fig 2. Growth rate vs [H]plasma
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