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Dual damascene process flow dominates the dielectric etch. In order to reduce the electrical 
resistance and the parasitic capacitance associated with metal interconnections (major factors that 
limit the circuit speed in high performance integrated circuits), this technology extensively use 
copper metallization and low-k interlayer dielectrics. In the commercial competition of dielectric 
dry etch, equipments employing multi-frequency capacitively coupled plasmas have emerged as 
the most successful approach.  

Simulations with high accuracy of plasma devices necessarily request realistic calculations 
of charged particle transport in electromagnetic fields. A numerical code that describes the 
transport of charged particle in RF capacitively coupled plasmas has been already developed and 
is presently employed for both research and teaching purposes. Along the years, the code has been 
successfully and properly cross-validated against experiments, independent calculations and 
analytical studies.The comparisons have revealed the predictive capabilities of the model and its 
accuracy even when compared with PIC simulations [1]. The upgraded version of the model 
retrieves easily characteristic features of dual frequency discharges.  

The calculations have been performed to gain understanding of topics like: ionization rate, 
sheath dynamics, power deposition, frequency effects, or influence of pressure and geometry. The 
results provide information on all the physical quantities accessible within a fluid formulation. 
However, further developments are necessary to clarify less-understood physical aspects and to 
get close to real industrial equipments.  

Dual frequency H2 plasmas have been simulated for parallel plate cylindrical geometry 
setup, in the frequency domain 2-70 MHz, at gas pressures between 150-1000 mTorr, and for 25-
1000 V RF applied voltages. The high frequency is a multiple of low frequency fhf = m flf, with 
m∈Z. The blocking capacitors are identical for the two rf sources, and have the capacitance of 
50pF. The results presented here providean insight on the discharge mechanisms and explore the 
formulation limits.  

Figure 1 presents the corresponding modulation of the sheath widths for 2f-CCPs in front of 
HF (a) and LF (b) driven electrodes (located at z=0 and z=32 mm, respectively). With respect to 
the amplitude of the modulations, an observation can be made: the magnitude of the modulation is 
stronger when the sheath thickness is small, and less important when the sheath expands and the 
quasi-neutral plasma edges are far away from the walls. The reason is simple. When the LF field 
barrier reduces its intensity more electrons are allow to enter, and to cross the sheath regions in 
order to compensate the ion flux collected during the whole cycle. The massive presence of the 
electrons will emphasis then the HF field modulation. This happens at about the half of the LF 
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cycle in front of the HF  electrode, and at the beginning/end of the LF period in front of the L 
electrode. 
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Fig. 1 Space-time variation of sheath thickness in front of high frequency (a) and low frequency (b) 

electrodes. The discharge operates in H2 at f hf = 67.8 MHz, Vhf= 60 V, f lf =6.78 MHz,          
Vlf =200 V, and p=300 mTorr.  

The formulation reaches its limits in very low pressure regimes and at very high 
frequencies. The limitations correspond to major physical restrictions and request special 
attention. The articulation of fluid models with solvers based on the multi-term expansion, or 
reduced kinetic equations, is expected to aleviate the comparison with experimental data. To get 
closer to technological relevant aspects a hybrid approach is a necessity. 
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