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This work uses experiments and simulations to analyze the modifications induced in pure N2 capacitively coupled 

radio-frequency discharges, running at low pressure (0.6–1.2 mbar) and low power (5–20 W), by the addition of 

small amounts of H2 (up to 5%). Simulations use a hybrid code coupling a two-dimensional time-dependent fluid 

module, describing the dynamics of the charged particles, to a zero-dimensional kinetic module, describing the 

production and destruction of nitrogen and hydrogen neutral species. The discussion is particularly focused on the 

results obtained for the electron density and the radiative transition intensities with nitrogen species. Model 

predictions are in qualitative agreement with measurements, for the evolution of these quantities with changes in 

both the gas pressure and the hydrogen percentage in the gas mixture. 
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Plasma discharge 
The plasma is produced at 13.56 MHz within a cylindrical parallel-plate reactor 
surrounded by a grounded metallic grid. The discharges run at 0.6 – 1.2 mbar total 
pressures, 30 – 100 sccm gas flows and 5 – 20 W coupled powers (corresponding to 
Vrf = 100 – 220 V zero-to-peak applied voltages) in N2-H2 gas mixtures with 
hydrogen concentrations up to 5%. 
 
Plasma diagnostics 
Charged particle densities 
§  The electron density is measured using a microwave resonant cavity method [3]. 
§  The evolution of the N2 

+ density is monitored by following the radiative intensity of 
the FNS, obtained using optical emission spectroscopy. 
Effective RF power absorbed 
The effective power absorbed by the plasma at given Vrf is given by : 

Weff = Wap– Wac 
Wap is the absorbed power with the plasma ON. 
Wac is the absorbed power in the impedance matching circuit with the plasma OFF. 
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V-V exchange 

N2(v)+ N2 (w-1) ⇄ N2 (v-1)+ N2(w)  

H2(v)+ H2 (w-1) ⇄ H2 (v-1)+ H2(w)  

N2(v)+ H2 (w-1) ⇄ N2 (v-1)+ H2(w)  

N2(v)+ H2 (w-1) ⇄ N2 (v-2)+ H2(w)  

 V-T exchange 

N2(v)+ M ⇄ N2 (v-1)+ M    M=N2; H2; N; H  

H2(v)+ H ⇄ H2 (v- Δv)+ H    Δv>1 

H2(v)+ M ⇄ H2 (v-1)+ M    M=H2; H 

N2(v)+ M ⇄ N2 (v- Δv)+ M   Δv>1  M=N; H 

 e-V excitation/de-excitation 

e- + N2 (v) ⇄ e- + N2(w)   v,w < 10  

e- + H2 (v) ⇄ e- + H2(w)   |v-w|< 3  

EV indirect excitation/de-excitation 

e- + H2 (v) → e- + H2 (B1,C1)  → e- + H2(w)   

 Others process included 

  (i) electron-impact ionization from N2 (v=0) and H2 (v);      (ii) electron recombination with N2
+ , N4

+ , HN2
+, H2

+, H3
+ ions;  

  (iii) electron-impact ionization and associative ionization involving the excited states N2(A) and N2(a’);  

  (iv) electron-impact dissociation from N2 (v=0) and H2 (v);  (v) H –  production by dissociative attachment from H2 (v); 

  (v) ion conversion from N2
+ to N4

+;  from N4
+ to N2

+; from H2
+ to H3

+; from N4
+, N2

+ , H2
+ to HN2

+; 

  (vi) H–  destruction by  associative detachment,  electron impact detachment,  ion-ion neutralization  with H3
+,H2

+, H+;     

  (vii) Production/destruction of  NHx  (x=1-3). 
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•  Continuity equation  

•  Momentum transfer equation 

•  Energy density transport equations 

Electron transport  
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•  Continuity equation  

•  Effective electric field equation 

•  Momentum transfer equation 
)n(D-EµnΓ iiiiii ∇=

 *

Ion transport  

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

µ
−

µ
∇⋅

−
i

ii
ii

ii
n
S

NN
v1   v)v(  

We use a hybrid code that couples a two-dimensional (r, z) time-dependent fluid-type module, 

describing the transport of electrons and positive ions in the reactor under study, to a very 

complete 0D kinetic code for the nitrogen-hydrogen gas mixture. The fluid code solves the 

charged particle continuity and momentum transfer equations, the electron mean energy 

transport equations, and Poisson’s equation for the RF electric potential. The kinetic module 

solves the two-term electron Boltzmann equation and the rate balance equations for the most 

relevant plasma species. The space-time map of the electron transport and rate coefficients is 

obtained from the electron mean energy profile using  the local mean energy approximation [2]. 
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Simulations of FNS and SPS radiative 

intensities are normalized to one 

experimental point, obtained at 1.2 mbar 

pressure for the FNS(0,0) and 0.6 mbar for 

the SPS(0,2), at 99% N2 + 1% H2 gas 

mixture. 


