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Investigations of the transition from field electron
emission to plasma discharges (glow discharges and
micro-arcs) with extended use of the
Fowler-Nordheim plot
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The commonest method of characterising a cold field electron emitter is to measure its current-voltage char-
acteristics, and the commonest method of analysing these characteristics is by means of a Fowler-Nordheim
(FN) plot [1]. For example, the field enhancement factor can be calculated. But for novel investigations of
the transition from field emission to plasma discharges an extended use of FN plot is proposed. For this, the
inverse voltage (x-axis of the FN plot) was extended with factor 1 = (I-t)/(It):

1/V=(It)/(VIt) = Q/E [1/V= As/Ws] W,

where V is the Voltage, I the current, t the time, Q the sum of all transported charges (cathode - anode) and
E the energy required for this. The relation Q/E is a possible option for energetic evaluation. Fig. 1 shows an
example of the energetic evaluation with FN plot (see attachment). It can be seen that the micro-arc discharge
has a charge transfer with the least energy input. This energetic evaluation, further and improved measure-
ments, an illustrative “energy compass”for a simple FN plot analysis and novel approaches for comparative
energetic evaluations of charge transfers (electrons, ions) will be presented and discussed.
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