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Because of developments in pulsed power supplies, tailored voltage waveforms are becoming 
available for semiconductor etching tools. This feature was initially proposed to provide nearly 
monoenergetic ion energy distributions at the wafer surface. However, this has also enabled 
flexibly changing the waveform shape to tailor the ion energy distribution (IED), incidentally 
modifying other plasma behavior. Etching depends not only on the IED, but also on the plasma 
chemistry and the electron energy and angular distributions at the wafer. In order to leverage 
these emerging capabilities, a detailed understanding of the effect of waveform tailoring on 
each of these is required. 
In this study, simulations and fast camera imaging of a capacitively coupled plasma with 
waveform tailoring are used to investigate the plasma dynamics in response to these tailored 
waveforms. Modern semiconductor processes, especially those used to produce high aspect 
ratio features, are approaching such low pressure and high voltage that fluid approximations 
fail and a fully kinetic approach is required. Therefore a particle-in-cell Monte Carlo collision 
(PIC/MCC) model, EDIPIC [1] was used to simulate the plasma dynamics in a reactor with 
tailored voltage waveforms. A dual frequency capacitively coupled plasma at 5-10 mTorr of Ar 
is modeled with a range of conditions. The results of these simulations, with varying conditions 
such as waveform shape, operating pressure and voltage amplitudes are analyzed in detail. 
The IEDs and electron energy distributions will be discussed, along with their implications for 
etching (wafer side) and erosion (upper electrode). The role of secondary electron emission was 
also explored by varying yields and for incident electrons and ions. For example, time resolved 
ion energy distributions for varying ion-induced secondary electron yields are shown in Figure 
1. Fast camera imaging in the sheath also provides insight into the plasma dynamics, especially 
the role of high frequency in the sheath dynamics. 
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Time resolved ion energy distributions. 
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