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A DC arc jet reactor used for chemical vapour deposition (CVD) of thin films of 
polycrystalline diamond has been studied by a combination of experimental methods [1-3] and 
computational modelling [4].  The reactor operates with a mixture of Ar, H2 and CH4 feedstock 
gases, and is capable of growing diamond films on a water-cooled molybdenum substrate at rates 
of up to 100 µm h-1. Experimental characterization of the chemistry within the arc jet plume has 
exploited both diode laser absorption spectroscopy and cavity ring-down spectroscopy (CRDS) 
with spatial resolution.  These techniques have been used to measure gas temperatures, absolute 
column densities of C2(a3Πu) and CH(X2Π) radicals, and number densities of electronically 
excited H(n=2) atoms at different heights (x) through the horizontally propagating plume (with 
direction of propagation denoted by z).  Local electron densities can be deduced from the Stark 
broadening of spectral lines of H(n=2). The resultant column or number density profiles are 
compared directly with the outputs of a 2-dimensional (r, z) numerical model and shown to be in 
good agreement.     

Fig. 1 A schematic diagram of the arc jet reactor and apparatus for CRDS measurements.

The arc jet reactor and CRDS apparatus are shown schematically in Figure 1. The reactor
contains two torch heads, denoted as the N and P-torches, mounted at 90o to one another, with 
nozzles that inject an activated gas flow into a cylindrical vacuum chamber equipped with a 
variety of view-ports and flanges for pumping lines and pressure gauges.  The reactor is designed 
to work at input powers of up to 10 kW, but is typically operated at ~6.4 kW (80 A and 80 V). 
The N-torch is mounted axially within the chamber, usually operates with a gas flow of 11.4 slm 
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of argon and 1.8 slm of H2 (backing pressures are 3 – 4 bar), and is the principal gas source for the 
plasma jet.  The P-torch contributes a further 0.75-slm flow of an H2/Ar mixture (approximately 
1.3:1 H2:Ar ratio) to stabilize the plasma, and 80 sccm of methane is added 100-mm downstream 
of the N-torch nozzle orifice from an injection ring mounted concentrically with the activated 
Ar/H2 plume. The operating pressure within the reactor is 50 Torr.  The substrate is located 155 
mm from the N-torch nozzle orifice.  

The computer model of the reactor incorporates gas activation, expansion into the low 
pressure reactor chamber, and the chemistry of the neutral and charged species. It predicts the 
spatial variation of temperature, flow velocities and number densities of 25 neutral and 14 charged 
species, and the dependence of these parameters on the operating conditions of the reactor such as 
flows of H2 and CH4 and input power. With changes to the boundary conditions and the reactor 
geometry, the model can be applied to other arc jet reactors. Figure 2 shows the calculated 
temperature and gas flow profiles in the arc jet reactor, and Figure 3 displays maps of the number
densities of C atoms and CH radicals derived from the model.  Similar plots can be generated for 
various other species such as C2, H(n), and C2H2. Under the base operating conditions of the 
reactor  the calculated and measured column and number densities agree to within factors of 2 – 3, 
and the model reproduces the spatial dependence of column densities. The mean temperatures of 
C2(a) and CH(X) radicals derived from spectra and model results are in good agreement.  The 
model also captures the variation of these radical densities with changes to operating conditions of 
the reactor such as flows of H2 and CH4 and input power.

Fig. 2 Calculated temperature and gas flow profiles for the arc jet reactor.  The main nozzle and the 
substrate are located, respectively, at the top and bottom of the centre line.  Left:  2-D 
temperature profiles T(r,z). Right:  2-D (r.z)-dependent gas velocities; the arrows show the 
directions of flow and are indicative of (but not directly proportional to) the flow velocities.



Fig. 3 Calculated 2-D percentage mole fraction profiles of C atoms (left) and CH radicals (right) for 
the arc jet reactor operating under standard conditions. 

Having tested the chemical mechanism contained within the model by comparison of model 
outputs with experimental measurements, deductions can be made about the important chemical 
processes within the reactor. The primary source of electronically excited H(n) atoms in the arc jet 
plume is the reaction Ar+ + H2 → ArH+ + H, followed by dissociative electron attachment to ArH+

ions. The chemistry of the C/H containing species is dependent on the local environment: in the 
vortex region beyond the plume, the key transformations are CH4 → CH3 ↔ C2H2 ↔ large 
hydrocarbons; in the plume or the transition zone to the cooler regions, the chemical processing 
involves C2Hx ↔ (CHy & CHz),  C3Hx ↔ (CHy & C2Hz),  (C2Hy & C2Hz) ↔ C4Hx  ↔ (CHy & 
C3Hz).  Depending on the local gas temperature Tg and the H/H2 ratio, the equilibria of H-shifting 
reactions favour C, CH and C2 species (in the hot, H-rich axial region of the plume) or CH2 and 
C2H, C2H2 species (at the outer boundary of the transition zone).  From the model calculations 
(verified by the experimental measurements), deductions can be drawn about the most abundant 
C-containing radical species incident on the growing diamond surface (C atoms and CH radicals).  
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