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Double Ar-N2 and Ar-H2-CH4 microwave afterglows



Microwave flowing afterglow in Laplace-Toulouse



Main kinetics reactions in the early afterglow : N-atom density

1  - In late afterglow  , N + N + N2 →   N2(B,11) →   N2(A,7) + hv(580nm )                                        

• Im (580) = c(580) hc/580 A580 [B,11]    with         [B,11]= [N]2 [N2] ka /( νr
B,11 + [N2] kN2(B,11) )                                                              

As  :   νr
B,11 < [N2] kN2(B,11) at p> 4 Torr    , it comes : 

Im
580= c(580) hc/580 A580 ka [N]2 / kN2(B,11) = k1 [N]2

Calibration of N-atom density by NO titration                                                                                   

2  - In early afterglow , part aN+N of N+N recombination in  Im
580

determined from I(11)/I(9) intensity as deduced from calculated R(B,v’’) :

aN+N Im
580= k1 [N]2

N-atom titration by NO by introducing Ar-2%NO 
before the 5 litre reactor : aN+N =1 → k1
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Titration of N – atoms by NO

At low Q(NOext ) , it remains N – atoms :

N + O + N2  NO (B) + N2

NO (B)  NO (A) + h ( NO, 320 nm )

Case of  pure  N2 afterglow

Introducing NO ( Ar – 2% NO ) in the N2 post-discharge : 

N + NOext  N2 + O

At high Q(NOext ), only O atoms from N atoms :

O + NOext + N2  NO2
* + N2

NO2
*  NO2 + h ( continum, 550 nm )

Afterglow extinction : Q(NOext )  = Q(N) 

[ N ] / [N2]  = Q(N)/ Q(N2)

At low Q(NOext ) , it remains N – atoms :

N + O + N2  NO (B) + N2

NO (B)  NO (A) + h ( NO, 320 nm )

Case of  pure  N2 afterglow

Introducing NO ( Ar – 2% NO ) in the N2 post-discharge : 

N + NOext  N2 + O

At high Q(NOext ), only O atoms from N atoms :

O + NOext + N2  NO2
* + N2

NO2
*  NO2 + h ( continum, 550 nm )

Afterglow extinction : Q(NOext )  = Q(N) 

[ N ] / [N2]  = Q(N)/ Q(N2)



Titration of  N –atoms in Ar-4%N2 post-discharge :    [N] = 7 1013 cm-3

Conditions 2.3 Torr , 0.5 slm , 130 Watt

( T.Czerwiec et al. J.Phys III 6 (1996) 1205 )
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Line ratio intensity method

C + N + N2→ CN(B,7) + N2 (a)

with ka = 9 10-33 cm6s-1 [10].

I385 = k2 [C][N] (2)

with k2 =
c 385
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constant N-atom density with x= 0-2,5%
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Afterglow in Ar-N2-CH4
Nancy-Toulouse (2000 th)



Afterglow in Ar-N2-CH4
Nancy-Toulouse (2000 th)

Production of N, H, O, and C atoms in flowing microwave discharges

A. Ricard, C. Jaoul, F. Gaboriau N. Gherardi S. Villeger

(Surface & Coatings Technology 188–189 (2004) 287– 293)



Afterglow in Ar-N2-CH4
Nancy-Toulouse (2000 th)

• Production of N, H, O, and C atoms in flowing microwave discharges



Figure 1. Schematic diagrams and pictures of the RF (a and b) and the HF (c and d) set-ups 
in Ajou and Toulouse, respectively. In the RF (HF) set-up, the inner diameter of the quartz 

tube is 6 (5) mm in the discharge region and 21 (18) mm in the afterglow region.

Afterglows Ajou-Toulouse ( 2010-17)



Afterglow in Ar-N2-CH4
Ajou-Toulouse
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Figure 3. Variation of the [C]/[N] density ratio for HF 

afterglows at p = 13 Torr, z = 50 cm, Q = 0.5 slpm and 

PHF = 100 W.



Afterglow in Ar-N2-CH4
Ajou-Toulouse
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Figure 4. [C] and [N] densities measured at z = 50 cm for the N2 / 0.04% CH4 versus pressure.

(Q = 0.5 slpm and PHF = 100 W)



Afterglow in N2-H2
Ajou-Toulouse

Enhanced nitriding of anatase TiO2 films by the addition of H2 in the N2 microwave plasmas

Yunfei Wang, Andre Ricard, Jean-Philippe Sarrette, Ansoon Kim, Seol Ryu and Yu Kwon Kim



Afterglow in N2-H2
Ajou-Toulouse

XPS :  Ns at 396 eV substitutional (bulk) – Ni at 400 eV interstitial ( surface)

reduction  : 2H +TiO2 →H2O↗ + TiO2 (-O )           substitution : N + TiO2 → TiO2  (+N)


