ANALYSISOF THE CATHODE FALL OF A NORMAL GLOW
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jo = current density of ions at
cathode (A/cm?)

joe = current density of € sat
cathode (A/cm?)

Vo = voltage drop across cathode
fall

d = thickness of cathode fall
(cm)

Assume ne << N; and the N, @constant in the cathode fall. Poisson’ s equation becomes
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Integrating, E(x) = Eo(l- g) E, iselectric field at the cathode where E, >> E in positive
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lons striking the cathode produce electrons by secondary emission with probability g The
secondary electrons are accel erated back into the plasma producing ionizations in the dark space
with Townsend coefficient a.

Jo = Jotjoe = jot+tda = (1+0)jo

Withjo = gNwv,,  vi = WEo,
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Thetotal current density isthen
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Define je = electron current at edge of dark space
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But j0e = 90| = g(jo - jOe) » g(je - jOe)
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The electron current from the cathode through the dark space is amplified by electron impact
ionization

g—i =j-a(x), a=First Townsend Coefficient
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From empirical data,
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The integral can be solved analytically
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where  S(x) = Qxe_lydy = xe'é - E, e) E, = Exponential Integral.

We can now solvefor Vg intermsof d. A second relationship betweenvpand dis
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We could in principle solve for two of jo, Vo and d as afunction of the third. Up to now, thereis
nothing unique to the normal glow.

Define two functions
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Note: Since m ~ nl ~ % , then py, is a constant.
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If po isthe mobility at pressure po, | = Mo %l :

Plot all points satisfying relationship
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Minimum occursat: Ci Vyorwar = 6.0
Cz jn = 067
which yields
3B 16, ,
Viorma = Kln +6; function of gas, metal but not pressure
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p° Torr, m isthe mobility at po

Note that j, ~ [function of gas type, metal] - p* ~ p
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Combineto find dp= OAﬁ Ingl +é5 © function gas type and metal
Typica values are Vp» 100-300V, dyp» 0.25-2.5 Torr-cm
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