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Dual-frequency capacitively coupled radio frequency (CCRF) discharges are fre
technological applications. They are often applied to etching processes as one o
the production chain of integrated circuits. The advantage of these discharges is s
of ion energy and ion flux impinging on the substrate surface. However, recen
have shown that this separate control is limited due to the coupling of both fre
Electron heating and mechanisms of plasma sustainment, which are based on th
frequency coupling, are not yet fully understood. 
 
In this work a detailed analysis of the frequency coupling and plasma sheath 
symmetric industrial dual frequency CCRF discharge (Lam Exelan) is performed
investigations are compared to the results of a PIC simulation. Phase resolved o
spectroscopy (PROES) is used to measure the excitation of the neutral backgroun
He-O2 plasma with small admixture of Neon as tracer gas [2, 3]. The discharge
1.937 MHz and 27.118 MHz (65 Pa, Plf = 200 W, Phf = 800 W) and measurements
with temporal resolution within the high frequency RF period (Fig.1). The elect
cm. In order to get a detailed understanding of electron heating a PIC simul
similar conditions is performed yielding access to a variety of plasma parame
crucial for the understanding of the frequency coupling. The PIC simulation 
measured spatio-temporal excitation profiles well (Fig. 1) and, therefore, yields r

  

 

 

 

 

 

 

Fig. 1 Spatio temporal excitation in a dual frequency CCRF discharge operated at 1.937 
MHz at 65 Pa. Left: PROES measurement in a He-O2 plasma with small admixture of N
simulation of a He discharge. 
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A zoom into the spatio-temporal excitation profiles of Fig.1 [5] clearly shows the coupling of 
both frequencies (Fig. 2). At the bottom electrode beams of highly energetic electrons, that 
penetrate into the plasma bulk, are generated by the expanding high frequency (hf) sheath only 
during the first half of one low frequency (lf) RF period, when the lf sheath collapses (black 
arrows). The same process happens during the second half of one lf period at the top electrode. 
The beams are reflected at the opposing sheath. The reason for this phenomenon is the 
modulation of the ion density, that is dominated by the low frequency component (Fig. 2). The 
lf component mainly determines the local ion density at the position of hf sheath oscillation. 
Only at phases of collapsing lf sheath the hf sheath oscillates in a region of low ion density 
causing large sheath widths and expansion velocities. This mechanism finally generates the 
observed beams and is the nature of the frequency coupling. 
 

 

 

 ∞s

 

 

 

 

    

Fig.2 Left: Zoom into the left plot of Fig. 1 durin

Additional excitation during phases of simultaneous lf and hf sheath collapse is observed 
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g the first and second half of one lf RF period [5]. Right: 
Spatio-temporal modulation of the ion density in front of the bottom powered electrode as it results from 
the PIC simulation. The sheath width s (solid line) is calculated using equation 1. 

experimentally. The simulation clearly shows, that this excitation is caused by a local reversal 
of the electric field caused by a combination of electron inertia and collisions. Such field 
reversals also contribute to electron heating. Finally, it is shown, that dual-frequency CCRF 
discharges can be operated in either α- or γ-mode depending on the discharge conditions. In this 
context it is demonstrated, that the excitation (PROES) does not generally probe the ionisation 
as it is usually assumed. 
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