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Motivation

To correlate the transition between 
collisional and collisionless plasma
to a threshold mean free path.

� ata Analysis and Modeling

� etup:

Breakdown Screen Shots
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Below the Paschen minimum: Mean Free 
Path becomes larger than the collision distance 
� breakdown is difficult  without a large plasma.
Above the Paschen minimum: MFP is too 
small to accelerate to sufficient kinetic energy 
� breakdown does not depend on plasma size.

Before Breakdown                At Breakdown

The Microwave Plasma Generator
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Threshold Kinetic Energy Model 
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Threshold Electric Field Model 

Helium at 240 K and 1.5784 GHz
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m = 0.5

B = 1.22 GHz/Torr

C = 2734V/m×Torr1/2
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of a Microwave Induced Plasma
Collisional-to-Collisionless Transition

A closed 
cycle cryo-
refrigerator 
allows control 
of ambient 
temperature 
from 200 K to 
320 K. 

Breakdown Fields of Monatomic, 
Diatomic and Polyatomic Gases


