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Single and dual-frequency capacitively coupled radio frequency (CCRF) disch
used for industrial applications such as etching and deposition processes. Despite
relevance for applications, fundamental phenomena such as electron heating par
pressures and in dual-frequency CCRF discharges are not yet fully understood a
important current research topic. Electric field reversals during the phase of shea
considerably contribute to electron heating in capacitive discharges [1-3]. Ho
existing investigations are restricted to specific conditions and single frequencies

In this work, electric field reversals in single and dual-frequency CCRF 
investigated in collisionless (≤ 1 Pa) and collisonal (65 Pa) regimes. For the fi
reversal is observed in dual-frequency discharges. The physical mechanisms (el
collisions) causing this phenomenon are identified and discussed using the syne
experiment, simulation and an analytical model. Phase resolved optical emission 
used to measure the excitation of the neutral background gas caused by the field 
sheath collapse. The collisionless regime is investigated experimentally in asy
and Hydrogen single frequency discharges operated at 13.56 MHz. The collis
investigated experimentally in a symmetric dual-frequency discharge operated
and 27.118 MHz in a He-O2 plasma with small admixture of Neon as tracer gas [

 

                                                     

 

 

 

 
 
 
Fig. 1 Left: Spatio temporal excitation into Ne 2p1 in a single frequency Neon discharge
Pa, 8 W). Right: Excitation into Ne 2p1 at the bottom powered electrode in a dual freq
during the first half of one low frequency RF cycle (T2 MHz = 516 ns, 65 Pa, P2 = 200 W, P
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Fig. 1 shows examples of phase resolved measurements of the excitation in single and dual-
frequency discharges. In both cases excitation during phases of sheath collapse is observed. In 
the single frequency case this excitation is indicated by an arrow pointing towards the electrode 
at the end of the RF period (65-70 ns). In the dual-frequency case the excitation at phases of 
high frequency (hf) sheath collapse is indicated by circles. The major maxima in the right plot 
of Fig. 1 are caused by the rapid hf sheath expansion. Such spatio-temporal excitation plots are 
compared to the results of a fluid sheath model in the single frequency case [6] and a Particle in 
Cell/ Monte Carlo simulation [7] in the dual-frequency case, which directly yield the electric 
field space and phase resolved. The results show that field reversals occur in both regimes. The 
left plot in Fig. 2 shows a spatio-temporal plot of the electric field in a symmetric industrial 
dual-frequency discharge resulting from a PIC simulation under conditions similar to the 
experimentally investigated ones. Reversed fields are indicated by white areas. 
 

 

 

 

 

 

Fig.2 Left: Spatio-temporal plot of the electric field in kV/m in a dual frequency discharge resulting from 
a PIC simulation (He, 65 Pa). Reversed fields are indicated by white areas. Right: Comparison between 
the electric fields at a specific phase (red line in left plot) resulting from an analytical model and the PIC 
simulation. The blue line shows the deviation from quasineutrality. 

An analytical fluid model based on moments of the Boltzmann equation and using input 
parameters from the PIC simulation gives insight into the mechanisms causing the reversal of 
the electric field [8]. In the dual-frequency case a qualitative comparison between the electric 
fields resulting from the PIC simulation and from the analytical model is performed (right plot 
in Fig. 2). The result is, that the field reversal is caused by different mechanisms in the 
respective regimes. In the collisionless case it is caused by electron inertia, whereas in the 
collisional regime it is caused by a combination of the low mobility of electrons due to 
collisions and electron inertia.  

Reference 
 
[1] Czarnetzki U, Luggenhölscher D and Döbele H F 1999 Plasma Sources Sci. Technol. 8 230-248 
[2] Vender D and Boswell R W 1992 J. Vac. Sci. Technol. A 10 4 1331 
[3] Sato A H and Lieberman M A 1990 J. Appl. Phys. 68 12 6117 
[4] Gans T, Schulze J, O'Connell D, Czarnetzki U, Faulkner R, Ellingboe A R and Turner M M 2006 
      Appl. Phys. Lett. 89 261502 
[5] Schulze J, Gans T, O'Connell D, Czarnetzki U, Ellingboe A R, Turner M M 2007 J. Phys. D 40 7008 
[6] Brinkmann R P 2007 J. Appl. Phys. 102 093302 
[7] Donkó Z and Petrović Z Lj 2006, Japanese Journal of Applied Physics 45, 8151  
[8] Schulze J, Donkó Z, Heil B G, Luggenhölscher D, Mussenbrock T, Brinkmann R P, and  
      Czarnetzki U submitted to J. Phys. D 


