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ELECTRON EMISSION UNDER SPACE CHARGE LIMITED
CONDITION WITH AN OBLIQUE MAGNETIC FIELD
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It is well known that the electron emission from materials surface plays a very important role
in the plasma-surface interaction and influences boundary plasma. Experiments verify that a
large number of electron emission reduces the sheath potential [1]. This should result in the
decrease of both ion energy flux to the surface and sputtering yield. At the same time electron
flux to the target should be enhanced. As a result, a local hot spot is likely produced and large
amounts of thermal electrons are emitted. However, the effect of virtual cathode formation
and existence of an oblique magnetic field on thermo-electron emission has not been
discussed yet. In the present work, we have made a computer simulation for secondary and
thermo-electron emissions under space charge limited condition (SCLC) with an oblique
magnetic field in the sheath taking into account the occurrence of a virtual cathode. Emission
characteristics under the virtual cathode regime are compared for various conditions such as,
different potential distributions, different target materials, different incident angles of the
magnetic field and so on. For the calculation of the potential distribution in the sheath, the
initial energy of emitted electrons was also taken into account.

Model

To describe the potential distributiah(x) in the sheath considering the occurrence of the
virtual cathode near surface, we modified the Poisson equation given in [2] by adding a
parameterge for the initial energy of emitted electrongs = Vo Me | 2K T, wherevpe is the

mean velocity of electrons emitted from the surfalgjs the plasma temperature at the
sheath edge. We introduced the effective emission coeffigiaata function of an effective
electron emission coefficierle and anglea between the magnetic field and the target
surface,y = T/ [ sina + e (1- sina) ], which represents the dependence of the potential
distribution on electron emission and magnetic field. Wheis small, coefficienyy can be

large for smalla. This is the effect of the “effective electron emission”, that is, the emitted
electron flux is suppressdry magnetic field and electron density increases near the surface.
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The effective electron emission coefficidt= (ye + vt ) / (1 +y ) includes secondary
electron emissioge and thermo-electron emission coefficignt k; y; . The reducing factds
presents suppression of thermo-electron emission by negative electric field of a virtual
cathode and the gyration of electrons in an oblique magnetic field. We define the coefficient
of thermo-electron emission in ordinary regimeyasj; / enyVoj, wherej; is the thermo-ionic
current, andhgVyi is the average ion flux to the surface. The self consistent solution of Poisson
equation determines the potential distribution in the shg@dhas a function of in the same
manner as described in Ref. [3]. Wheaxceeds the critical value 0.905, a virtual cathode is
formed in front of the surface and the electric field there becomes negative.

For the calculation of the secondary electron emission coeffiojen{ Ye =
jée(Ep)f(Ep)dEp/ Jf(Ep)dEp; the number of electrons returning to the boundary plasma per
primary electrons with an incident energy distributiBp) ), basic data of the effective
secondary yield®g(Ep), reflection coefficients and energy distribution of emitted electrons
for Be, C, Mo and W are used as in Ref. [3]. The electron motions in the sheath were
followed by using the Runge-Kutta method with an integration step automatically chosen to
ensure an error less than™,, whereAp = (& kTe/ noe?)*? is the Debye length. Calculat-
ions were made for primary electrons having the Maxwellian velocity distribution modified
by the sheath potential for velocity componegnin front of the surface in perpendicular to
the surface direction:N(vy) = (meng/ kTe) exp Hme w2l 2kTe) Vx dvy . Thesheath thickness
was settal =5Ap .

Thermo-electron current depends on the surface tempematared the work function
$a and current density of emitted electrgnsanbe described by the Richardson-Dushman
equationj; = A T2exp(-¢a/kTs). We used the basic date for the temperature dependence of
both Dushman’s constaAtand the work function given in [4]. Calculations were made using
the modified Maxwellian distribution of thermo-electrons for velocity compoweirt front
of the surface in normal direction:Nflk) = (meng/ kTs) exp ((Hme w2l 2KTs) vy dvy, where
N =jt /e.

Results

The secondary electron emission coefficiept calculated for primary electrons with the
modified Maxwellian velocity distribution is strongly reduced in SCLC compared with that in
the ordinary regime, because of the prompt return of the secondary electron to the surface by
their gyration. In the ordinary regimeye increases with plasma temperature due to the
increase of the sheath potential and the electric field near the surface, whereas the electric
field in the SCLC regime is so small in front of the surface that nearly independent on

the plasma temperature. Moreover, the differenceydramong target materials considered

here (W, Mo, C and Be) are found to be small. For fusion plasma, for example, plasma
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temperaturele = 40 eV, plasma density, = 10°°m™3, the strength of the oblique magnetic
field more than T and the incident angleof the magnetic field smaller than %0k is
significantly suppressed to the absolute number less than 0.1 for all of Be, C, Mo and W as
already shown in [4].

The effect of the negative electric field of the virtual cathode is negligible for secondary
electrons, because the kinetic energy of the secondary electrons is mostly higher than the
height of the potential hill in the virtual cathode, but is very important for thermo-electrons. In
Fig. 1, the reducing factdg¢ as a function of initial energy of thermo-electrons is compared
for different height of the negative potential Hilp in the virtual cathode regime fag = 40
eV andn, = 103, In the calculation we assumed a @sfependence of the emitted
electrons (the angl@ is respective to the surface normal). It can be notedkthatstrongly
reduced by only very small potential hill due to the reflect-back of low energy thermo-
electrons by the negative electric field. As shown in Fig. 2, the suppression of the reducing
factork; (calculated for thermo electrons with the modified Maxwellian velocity distribution)
by the oblique magnetic field is very strong. However, the difference in the temperature
dependence ok; with and without the magnetic field is rather small. The temperature
dependence d§ is mainly controlled by the height of the negative potential hill, which varies
with surface temperatures but not the magnetic field. The prompt return due to the magnetic
field is appreciable only for higher energy electrons (Fig. 1).

As a whole, the temperature dependence of the effective emission coeffigients
including both secondary and thermo-electrons for C, Mo and W are given in Fig. 3. For C
and W, both of which have high thermo-electron emission characteristics and high melting
points, the SCLC is attained £ 0.905) before melting even in the oblique magnetic field. For
low surface temperature, is determinate by the secondary electron emission, which is
strongly suppressed by gyration in the obligue magnetic field. For higher surface
temperaturesy is dominated by the thermo-electron emission. Emitted electron flux is
strongly suppressed by magnetic field itself and electron density increases in the sheath
(“effective electron emission”). Then, the regime of SCLC is likely in the sheath with an
obligue magnetic field.
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Fig. 1. Reducing factor k; against initial energy of termo electrons for regime of virtual cathode without
(1) and with (2) an oblique magnetic field at different height of the negative potential hill A¢: a) A¢ = O,
b) Ap = 0.05 eV, c)4¢ = 0.1 eV, d)4¢ = 0.15 eV, e)ﬂgJ =0.2eV, A9 =03 eV, g)4¢ = 0.4 eV.
Plasma temperature T.=40 eV, plasma density no=101 3 magnetic field strength B=2T, angle
between magnetic field and surface a=10°.
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Fig. 2. Reducing factor k; as a function of the surface temperature T for regime of virtual cathode

without and with an obliqgue magnetic field. Plasma temperature T.=40 eV, plasma density no=1019m'3,

magnetic field strength B=2T, angle between magnetic field and surface a=10°.
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Fig. 3. Effective emission coefficient y for thermo emission plus secondary electron emission of C,

Mo, W as a function of the surface temperature T for SCLC without and with an oblique magnetic

field. Plasma temperature T.=40 eV, plasma density Nn;=1019m-3, magnetic field strength B=2T, angle

between magnetic field and surface a=10°.
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