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Electron impact dissociation of a diatomic molecule is divided into two steps. The first step 
is electron impact excitation to an electronic state having a repulsive potential curve without 
changing the distance between nuclei. The second step is automatic separation of nuclei along the 
repulsive potential curve. The energy of the dissociated state is lower than that on the repulsive 
potential curve immediately after electron impact excitation, atoms produced after dissociation 
have kinetic energies corresponding the energy difference. In this work, we tried to detect 
energetic atoms produced by electron impact dissociation in plasmas. We measured the velocity 
distribution function of the metastable 5So

2 state of atomic oxygen by diode laser absorption 
spectroscopy. Energetic oxygen atoms at the 5So

2 state produced by dissociative excitation were 
detected as the tail component in the velocity distribution function. In addition, we propose a 
method for monitoring the relative degree of dissociation of molecular oxygen based on the 
comparison between the low-energy (bulk) and energetic components in the velocity distribution 
function of atomic oxygen at the 5So

2 state. 
The experiment was carried out in helicon and ICP sources. The helicon source was a linear 

machine with a uniform magnetic field along the cylindrical axis of the vacuum chamber. The 
strength of the magnetic field was weak enough to avoid the Zeeman effect in the absorption line 
profile. The discharge gas was pure oxygen, and the plasma was produced by applying an rf 
power at 13.56 MHz to a helical antenna wound around a glass tube of 1.6 cm diameter. The rf 
power was pulse modulated at a repetition rate of 10 Hz and a duration of 4 ms to avoid the over 
heating of the plasma source. The ICP source had a one-turn antenna on a quartz window placed 
at the top of a vacuum chamber.  The power source was an rf one at 13.56 MHz, and the plasma 
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Fig. 1  Absorption line profiles of (a) the 4s[3/2]o
2-4p[1/2]2 line of argon and (b) the 5So

2-5P1 
line of atomic oxygen observed in a helicon plasma source. 



was produced at the cw mode. The discharge gas was the mixture of oxygen and argon. A tunable 
diode laser beam passed through the plasma column from the radial direction in both the plasma 
sources. The transmitted laser intensity was detected using a photomultiplier tube combined with a 
monochromator. The wavelength of the diode laser beam was swept at around 777.538 nm to 
obtain the absorption line profile of the 5So

2-5P1 transition. The wavelength of the diode laser beam 
was measured using a wavemeter and an optical spectrum analyzer. The intensity of the incident 
laser beam was attenuated sufficiently to avoid the saturation of absorption.  

Figure 1 shows typical absorption line profiles observed by diode laser absorption 
spectroscopy in the helicon source. Figure 1(a) was observed for the sake of comparison, and is an 
absorption line profile of the argon transition from the metastable 4s[3/2]o

2 to 4p[1/2]2 states. The 
plots are the experimental results, and the solid curve shows the fitting between the experimental 
data and a Maxwellian velocity distribution function. It is known from Fig. 1(a) that the 
absorption line profile is fitted completely with a Maxwellian distribution corresponding to a gas 
temperature of 0.066 eV. In contrast, the absorption line profile of the 5So

2-5P1 transition of atomic 
oxygen shown in Fig. 1(b) was not fitted by a single Maxwellian distribution. The absorption line 
profile shown in Fig. 1(b) indicates that the velocity distribution function of the 5So

2 state contains 
an energetic component. We believe that the energetic component is produced via electron impact 
dissociative excitation. In Fig. 1(b), we tried to fit the experimental data by the superposition of 
two Maxwellian distributions corresponding to temperatures of 0.072 and 0.37 eV. 

If the production mechanism of the energetic atomic oxygen at the 5So
2 state is dissociative 

excitation, the amount of the energetic component is proportional to the density of molecular 
oxygen at the ground state, while the amount of the bulk component is proportional to the density 
of atomic oxygen at the ground state since the dominant production process of the low-energy 
atomic oxygen at the 5So

2 state is electron impact excitation from the ground state. Accordingly, it 
is expected that the ratio of the bulk to energetic components has information on the density ratio 
of molecular to atomic oxygen at the ground states. Figure 2 shows the ratio of the bulk to 
energetic components as a function of partial percentage of oxygen in the mixture at three total gas 
pressures. In this evaluation, we fitted the 
experimental absorption line profile with a 
single Maxwellian distribution to obtain the 
bulk component. The energetic component 
was deduced by subtracting the bulk 
component from the entire absorption line 
profile. As shown in the figure, the ratio 
decreased with the partial percentage of 
oxygen, which is a reasonable result since a 
higher degree of dissociation is expected at 
a lower oxygen percentage because of the 
higher electron density. Since diode laser 
absorption spectroscopy is rather simple 
and economical, this method would be used 
as a method for monitoring the degree of 
dissociation of parent gases in reactive 
plasmas.  
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Fig. 2  The ratio of the bulk to energetic 
components in the absorption line profile of 
the  5So

2-5P1 transition of atomic oxigen. 


