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Criteria for gas breakdown in a DC electric field have been explored since the very beginning

of plasma science, and are nowadays well described in many textbooks. The situation is different

for breakdown in capacitively coupled radio frequency (RF) field, which has been described

with a systematic approach only in relatively recent times. The basic physics underlying the RF

breakdown process has been described by Kihara [1], who derived the following breakdown

criterion, based on a 1D balance between electric field acceleration and electron diffusion:
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Here p is the pressure, Eb is the effective RF voltage at breakdown (Eb = ERF/
√

2), L is the

distance between the electrodes, λ is the wavelength of electromagnetic waves in vacuum cor-

responding to the chosen frequency (λ = c/ f ), and A1, B0 and C1 are gas-dependent constants.

Writing Eb =Vb/L, the breakdown voltage Vb can be recognized to depend on pL and L/λ (or,

alternatively, f L).

In the ’90s, Lisovskiy and Yegorenkov have performed a very detailed set of studies of RF

capacitive breakdown between plane electrodes [2, 3]. They demonstrated the presence of an

inflection point in the curve of Vb(pL), corresponding to the transition from a low-pressure

regime where surface phenomena at the electrode surface are important (diffusion-drift branch),

to a higher pressure one where volume phenomena dominate (emission-free branch). They also

showed the existence of a pressure range, on the left side of the curve, where the curve is

multi-valued, and determined the limitations of Kihara’s model, deriving improved values of

the parameters A1, B0 and C1, which anyway did not allow expression (1) to fully describe the

experimental data.

Subsequently, they argued that in the case of a long tube, the breakdown voltage should obey

a similarity law which includes the aspect ratio L/R, where R is the electrode radius, that is [4]

Vb = f (pL, f L,L/R). (2)

According to their observations, this dependence reduces to the two-parameter one, Vb = g(pL, f L),

originally suggested by Llewellin-Jones and Morgan [5], only for L/R < 0.4–0.5.

In this contribution we have studied experimentally the three-parameters dependence (2) for

the case of large L/R. The experiments have been performed in a quartz tube with 5.0 cm in-

ner diameter, connected to a rotary pump and a globe valve allowing gas flow. The system is




