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A new model of Hollow Cathode Discharges
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The first report of a hollow cathode was by F. Paschen, 1916. That study showed that

the system was capable of producing a high electron flux and relatively low ion and

neutral temperatures. The term "hollow cathode" has been used in reference to a

cathode with a cavity-like geometry, such that the plasma is partially bound by the

walls which are at the cathode potential. Just as the magnetic trapping of the

electrons in a magnetron results in an increase in the plasma density, in the hollow

cathode the geometry produces the high density plasma. At least 3 types of discharge

can be established in a hollow cathode, at low power and/or a low gas pressures the

plasma is a “conventional” discharge characterized by low currents and high voltages

(we call this a Discharge in a Hollow Cathode or D-HC). For an appropriate

combination of gas pressure and applied power and a given hollow cathode diameter,

the negative glow of the plasma can almost completely occupy the interior volume of

the cathode. Under this condition the plasma current can be 100 to 1000 times the

values for the “simple” D-HC discharge and the plasma density is correspondingly

large (we will call this a Hollow Cathode Discharge or HCD). If the cathode is not

cooled the discharge can transform into a dispersed arc as the electrode temperature

increases and Thermal-Field electron emission becomes an important additional

source of electrons (we will call this a Hollow Cathode Arc or HCA). The accepted

explanation for the HCD phenomenon involves the existence of high energy

“pendulum” electrons which are reflected from the sheaths on either side of the inside

of the cathode; the long trajectory of these electron is considered to produce a large

number of secondary electrons, with this producing the high plasma density and

plasma current. We will discuss some of the problems associated with the

well-accepted model and we propose a new explanation which has some important

implications.
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