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In developed cathode arc spots on clean
metal surfaces ("type 2" spots according
to Rakhovsky /1/) two regions have to be
distinguished: 1) the central part, the
“core" of the spot, with a high energy in-
put that causes melting, evaporation, cra-
tering, TF-electron emission and explosive
processes, and 2) the surrounding “halo"
region of interaction between the cathodic
plasma and the surface with a lower energy
input and without essential surface pro-
cesses (compare Daalder /2/). According
whether the halo is included or not, the
calculated mean current densities of the

arc spot i_ differ by orders of magnitude.

s
The main cause of this bipartition is the
decreasing density of the expanding plasma
outside of the central crater region, and
the corresponding decrease of the ion cur-

rent density i,

4 impinging on the surface.

The ion current is the main surface heat
gsource of the quasi-stationary arc spote
The total ion impact power within the cra-

ter area becomes

Pi = ISU;/(1+ Y ).
Is:
+ 2kTp/e (UC: cathode fall of potential,

spot current, Y =ie/ii, U;=Uc+ zi-cf

€;¢ ionization potential, : work func-
tion, Tp: plasma ion temperature). This

surface power input is diminished by elec-

tron emission cooling because of thermo-
field emission and ion induced secondary
emission (coefficient x;), that results
in the power

Pe = —I [(x~¥s)Ue+ ¥s1/(1+Y).
The mean effective work function Ue and

are func-~

the electron current density i,

tions of the surface temperature Tc and
the surface field strength F_, both ot
which again depend mainly on ije
Besides of this surface source there

exists a volume heat source because of the

Ohmic (Joule) heating below the spot area.
From the power density qy = iZT/ bo (i:
current density, &= ¢5/T electric conduc~
tivity) we get by integration (applying
the known current distribution and tempe~

rature distribution /3/) the total Joule

power within the cathode

pj = ISTOVK/bOth * (Pi+Pe) (1/cosX~-1) .

where T, is the cathode temperature far
away from the spot, ¥ the heat conducti=-
vity of the cathode, X = Is/4a@’ a
the spot radius. The ratio Pj/(Pi+Pe) de~
pends mainly on Is/a and weakly on 1 (or
ig)e. The percentages of both heat sources
in the case of Cu cathodes are shown in
the figure. Stationary solutions exist if
Ig/a <(T/a) s = 2r(RD = 13.9 A/ mm
{Cu).
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Models of stationary arc spots (including
the evaporation flux density that limits
ii) result in 0.1 < Is/af,o.s A/ pmm (Cu
cathodes, /4/). However, measurements of
Is and a8 (assuming crater radius = spot
radius) give zsls/a <20 A/mm /5/+ This
discrepancy may be explained by the as-
sumptions that 1) the cathode spot is an
essential non-statiorary phenomenon, 2) a
large part of the current passes through
the surface outside of the crater area.

A discussion of non-stationary effects
showgis a) the spot motion results in a
reduction of Joule heating (if Is/a ]
censt)s b) each kind of surface roughness
increases Joule heatings c) in essentially
non-stationary processes (such as explo=
sions of protrusions, compare /6/), the

critical limit (Ia/a) may be consider-

crit
ably exceeded, the temperature rises expoe
nentially with time, and even in the tem-

poral average the Joule heating dominates.

The current density and thd temperature in
the halo region of the spot is so low,
that resistive heat production is negli-
gible. The over-all percentages of Joule
heating and impact heating depend on the
role of explosive processes in the spot
mechianism and on the role of the halo cur-
fent relative to the core (crater) current
in the arc spot. Both are still unsolved

problems.
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