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Abstract — Breakdown formation in the explosive-
emission sources is related to the interelectrode gap
filling with the cathode and anode plasma gener-
ated at the anode and in the gap under the beam
influence. Under conditions of saturation of the
cathode plasma emissive ability as well as when the
measures on the emission boundary stabilization
are taken, the anode plasma has the deciding part
in the formation of the electron source breakdown.
The paper presents the results of the anode plasma
investigations obtained at solving the problem of
the electron beam length increase in the explosive-
emission sources. The data concerning the gas re-
lease from the anode, the mechanism of the anode
plasma formation and the anode plasma influence
on the parameters of the generated electron beam
are presented as well.

1. Introduction

Breakdown formation in explosive-emission electron
sources is related to the growth of the interlelectrode
gap conductivity resulting from filling with cathode
and anode plasma. At high beam current densities, the
time preceding the anode plasma appearance is short
and the interelectrode gap conductivity grows rapidly.
The rate of the interelectrode filling with the interelec-
trode gap plasma calculated from the values of the
diode perveance can exceed 2 - 10° cm/s at the beam
length being equal to ~ 10’-10°s.

At the decrease of the current and beam current
density, the current distribution along a large number
of emission centers, the time preceding the anode
plasma appearance is increased and here the cathode
and anode plasma influence on the rise of the inte-
relectrode gap conductivity can be divided. Under
these conditions, the rate of the cathode plasma propa-
gation is decreased owing to saturation of the plasma
emissive ability and discharge transition into a qua-
sistationary phase. Anode plasma appearance results
in discharge transition into a high-current phase char-
acterized by a rapid rise of the gap conductivity com-
pleted with the ignition of a low-voltage arc discharge
that testifies to an important role of the anode plasma
in the electron source breakdown formation. The time
length of a high-current phase of the discharge makes
up~107°s.

Earlier it was shown that the main process respon-
sible for anode plasma generation is the gas release
from the anode under the electron beam action. Gas
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release has a desorption nature and is not related to the
thermal action of the beam. Gas release efficiency was
ranging from 2-3 to 10 molecule/electron at the elec-
tron energy ranging from 10-20 to 100 keV [1]. The
time preceding the anode plasma generation is in in-
verse proportion to the beam current density at the
anode. Increase of the beam current density results in
the growth of the time preceding the discharge transi-
tion into a high-current phase that can be related to the
exhaustion of the adsorbed gas films in the discharge
process.

The paper presents the data concerning a mecha-
nism of the anode plasma influence on the breakdown
generation in the interelectrode gap, estimates a con-
tribution of radiolysis in the organic contamination
films and condensed vapor of the pump fluid in the
process of gas release from the anode.

2. Anode plasma influence on the interelectrode
gap processes

The data concerning the influence of anode processes
on the breakdown generation in the interelectrode gap
with the explosive-emission cathode have been ob-
tained by means of a complete factorial experiment
fulfilled by the plan 23 [2]. The cathode (C), anode
(A) and interelectrode gap (G) processes were consid-
ered as the main ones. The cathode processes imply
the processes of the cathode plasma generation, cath-
ode erosion, electron emission supply. The anode
processes are related to the changes at the anode in the
process of current flowing. The interelectrode gap
processes implied the processes resulting in the
change of its conductivity. Full set of processes in the
interelectrode gap included the following interactions:
AXC, AxG, GxC, AxGxC (Fig. 1). Commutation time
te, corresponding to the time preceding the discharge
transition into an arc stage, was taken as an integral
characteristic. Ranking of processes by their contribu-
tion into ¢, was realized by Fisher significance test.
The experiment consisted in supplying a stepwise
pulse with the first step amplitude of 35 kV to the in-
terelectrode gap with a pointed cathode and plane an-
ode that provided a stable initiation of emission. The
second stage amplitude equaled to 2 kV and was cho-
sen from condition of reliable sustaining of the dis-
charge after voltage dropping. Intensity of the proc-
esses varied at two discrete levels. The first step pulse
length being equal, correspondingly, to 10 ns at the
lower level and 300 ns at the upper level, served as the
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intensity measure of C-processes. A gap with the an-
ode in the form of a grid with geometrical transpar-
ency of 0.9 corresponded to the lower level and a gap
with a solid anode corresponded to the upper level.
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Fig. 1. The pattern of a set of discharge processes and their
significance

A residual gas pressure of 5-10° mm Hg and
2-10° mm Hg corresponded, respectively, to the
lower and upper levels of G-processes. Combinations
of intensities are indicated in Table 1 being a design
matrix. Minus sign corresponds to the lower levels of
factors, and plus sign, respectively, to the upper levels.
Values of tc were determined as a mean value by 10
measurements. Calculation values of Fisher criterion
are presented in the fifth column of the Table 1 and in
Fig. 1. The standard value of F-criterion at a 5% sig-
nificance level and numbers of degrees of freedom
fi=landf,=72is equal to 4.

Table 1. Design matrix 23

C G A t., US F
— — — 3.52
+ - - 2.66 161
- + - 2.62 10.4
+ + — 2.42 3.9
- - + 3.10 31.9
+ - + 1.60 36.9
- + 3.16 12.5
+ + 1.64 4.4

As it follows from comparison of the calculation
value of F-criterion with the standard one, only
CxG-interaction is insignificant.

The above presented data show that the main proc-
esses responsible for conductivity rise and generation
of interelectrode gap breakdown are C-processes that
is related to the cathode plasma generation and expan-
sion into the interelectrode gap.

Anode influence on breakdown generation be-
comes apparent in A-processes, AxC- and AXG-
interactions being, correspondingly, the third, the sec-
ond, and the fourth by significance.
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At the low beam current densities (10—
10 A/cm?), the main anode processes responsible for
discharge development are gas release from the anode
and anode plasma generation. High significance of
AxC-interaction is related to a characteristic feature of
explosive-emission sources consisting in dependence
of the cathode plasma emissive ability on the current
value. Owing to the back-coupling between the cur-
rent value, emissive ability and anode plasma concen-
tration, the growth of current related to the anode
plasma initiation results in the termination of satura-
tion and cathode plasma propagation towards the an-
ode providing fast increase of the interelectrode gap
conductivity. Use of artificially created anode plasma
with constant concentration in the plasma-filled diodes
[3] as well as other measures allowing reducing AxC-
interaction results in deceleration of the interelectrode
gap conductivity growth and increase of duration of a
high-current discharge phase up to ~ 107 s.

3. Anode plasma influence on electron beam
parameters

Anode plasma appearance in the vacuum diode results
in limitation of duration of a quasistationary discharge
phase and, correspondingly, electron beams generated
in the discharge.

Depending on the current density, two variants of
anode plasma generation are possible. At the small
densities of the beam current being of ~ 107 A/em’
and less and large durations of the beam being of
~10"s and larger, a concentration behind the de-
sorbed gas has a small difference with the residual gas
one. As a result, beam generation is accompanied with
gradual pressure increase in the whole volume of the
interelectrode gap. The value of the critical pressure
corresponding to the plasma generation resulting in
the discharge arc ignition in the interelectrode gap is
found from the ratio [4]

. fﬂna,cm’i =0.221
m U ] (1)

Here, M and m are the ion and electron masses, corre-
spondingly, o is the ionization section, d is the inte-
relectroge gap, / is the ionization potential, U is the
applied voltage.

At the current densities ranging from 0.1 to
10 A/em* and higher, the concentration behind the
desorbed gas leading edge exceeds essentially the re-
sidual gas one resulting in plasma generation in the
gas layer prior to the moment when the gas leading
edge achieves the cathode surface. The time preceding
the plasma generation ¢, is found from the ratio [5]

mel @)

t, = —.
M vo j,

Here, j, is the beam current density, e is the electron
charge, y is the desorption efficiency.
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For M~ 13, y=10, 6=10"" cm® (ionization sec-
tion with electrons of the energy 10° eV), the follow-
ing ratio will be obtained from (1)

m e 1
t, =, |——— 3
Iy (3)

Figure 2 presents the diagram of the dependence
to(j.) from (3). The values of duration of a quasista-
tionary discharge phase in the electron sources with
multipointed cathodes at relatively small current den-
sities (~ 1 A/em?) are indicated here as well. It is seen
that the calculation values are close to the experimen-
tal ones.
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Fig. 2. Dependence (3) and value of #, according to refe-
rence data (/ —[6]; 2—[7]; 3, 7—[8]; 4—[9]; 5 — [10];
6—[11])

Current density enlargement results in a certain in-
crease of a quasistationary phase duration and partial
beam compression under the action of a self-magnetic
field.
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Fig. 3. A quasistationary phase duration in a diode with a
felt (/) and velvet (2) covering and dependence

Figure 3 presents the duration of a quasistationary
discharge phase versus current density for a diode
with velvet-covered or carbon-felt-covered cathodes
[12]. Use of coverings provides the current distribu-
tion over a large number of emission centers promot-
ing obtaining of a sufficiently defined quasistationary
discharge phase. Duration of the quasistationary dis-
charge phase is approximately inversely proportional
to the current density. However, the time preceding
the fast growth of the diode perveance turns out to be
larger than the one obtained at small current densities
that results in the constant reduction in the dependence

of #,(j.) in (3) from 8- 10° to 2 - 10°® 5. The reasons
can be related to the decrease of the gas release to
v=4-5 owing to a high degree of anode degassing
and exhaustion of adsorbed films at high current den-
sity.

Reduction of the anode plasma influence on the
processes in the interelectrode gap with current den-
sity increase was observed in the electron accelerator
with an electron energy of 500-550 keV, beam current
of 50-70 kA, cross-section of 25 - 100 cm” [13]. An-
ode plasma generation resulted in the diode current
increase in comparison with the values obtained from
numerical calculations in the absence of anode plasma
and beam compression to the diode symmetry plane.
The accelerating voltage increase accompanied by
enlargement of the beam current density resulted in
decrease of exceeding of the experimental current
values over the calculated ones that testified to the
decrease of the desorbed gas influence on the inte-
relectrode gap conductivity. The causes of decrease,
just like in the previous case, can be exhaustion of
adsorbed gas films, higher degree of anode degassing
at high beam current densities.

4. Gas release mechanism

Values of the gas release efficiency from the anode
exceed essentially the well-known values of efficiency
of electron-stimulated desorption equal ~ 10 mole-
cule/electron. In view of this, a possibility of gas re-
lease from the anode resulting from radiolysis in con-
densed vapor films of pump fluid and organic
contaminations was considered [14].

Presence of large volumes of condensed vapors of
pump fluid at the electrodes in vacuum is well known.

According to [15], an oil (VM-1) film of the thick-
ness ~ 10° A is formed at the electrodes during several
hours of pump operation in the systems pumped with
vapor-oil pumps in the absence of freezing out catch-
ers.

It is well-known that the main radiochemical reac-
tions in condensed medium take place in local regions,
spur dikes wit the transverse diameter of ~ 10 A where
a preferential liberation of bombarding electron en-
ergy occurs. The energy absorbed in the region of a
spur dike is spent mainly for ionization and makes up
50—100eV. For the electrons with an energy of ~10° eV
the value of losses in the organic film can be taken as
~5MeV/ecm. Then the distance between the spur
dikes is equal to ~ 103 A that is commensurable with
the film thickness.

Radiochemical reaction results in formation of a
strong polymer film at the surfaces under radiation.
The main gases being released are hydrogen, hydro-
carbons. The value of radiochemical release of the gas
is 3—5 molecule/100 eV of the absorbed energy [16].
Account of reflected electrons results in increase of
the released gas quantity.

The value of the released gas flow is limited by the
gas diffusion from the film volume. For the case of the
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electron beam with a large cross-section, disregarding
the time of radiolysis (~10°~107 ¢), the diffusion
equation is the following:
on_ o
ot o
Here, n is the gas concentration in the film, D is the
diffusion coefficient, a is the coefficient taking into
account the growth of gas release resulting from ine-
lastic reflection of the beam electrons, G is the radio-
chemical release of the gas, ¢ is the value of ionization
losses. Boundary and initial conditions are the follow-

ing:

e

e

+a—~Ge.

“)

ot

x=l

According to [17], the solution of equation (1)
nk
2/

looks like:
( j [] ~ e{—j I)t]
(5

The time for setting the equilibrium concentration
of the gas T depends on the film thickness /. Limiting
ourselves to the first term of series, obtain
12
o

According to [18], a diffusion coefficient in cm?/s
in liquid is

D=74-10" [,/FMZT/;LZV]"-6 ]

Here, M, is the molecular mass of a solvent; T is the
temperature, K; , is the solvent viscosity, cP; V; is
the molar volume of a solute, cm*/mole; F is the pa-
rameter (F ~ 1). For a diffusion oil film (p, = 65 cP at
50 °C, M, ~1000) and V; = 14-30 for H,, O,, CO [16],
obtain that D =3 - 10°° cm%s. For a film with a thick-
ness of /= 10° A, find that =3 - 107 s. Since viscos-
ity value of a viscous fluid decreases rapidly with the
temperature growth, the heating of the surface under
radiation results in additional decrease of t. Under
conditions of steady concentration, the flow of the
released gas is proportional to the electron current
density:

21

k

. Tk
sin —x.
21

j} 2 0
1) =(a=-Geg)—
n(x,t)=(a . €) D ;

T=

(6)

(7

Jp = a2 Gle.

e
For a=2, G=3-5, [=10" cm, £=5 MeV/cm,
find that the value of gas release efficiency is

®)

135

v = aGle = (3-5) molecule/electron that is close to the
values obtained in [1].
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