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ABSTRACT

This paper is devoted to the theoretical study of the elee-
tron kimetics im the beam discharge plesma and the compari-
son between the maim properties of the beam amd glow dis-
charge plasmas.The calculations are carried out for mole-
eular hydrogem and nitrogem.

1., INTRODUCTION

paper was proposed to use & statiomary beem dis-
charge plasme in plasmachemistry to obtaim high nomequilib-
rium degree of plasma and to reslize & big power imput with
respect t& the other types of discharges.Im the beam dis-
charge plasme the main part of the electrom beam emergy is
transfered to the Lamgawir escillatioms due to the beam—
plasma imstability amd then those oseillations heat plasme
electrons.The last ones interaet with the heavy particles
of the gas, exciting inner defrus of freedom, and meking
the molecules more reactiomable, This paper is devoted to
the electrom kinetics im the beam discharge plasma in mole-
culer mitrogen and hydrogen and to the comparisom between
the main macroscopic properties of the beam and glow dis-
cherge plasmas.

2o ELECTRON KINETICS IN BEAM DISCHARGE WITROGER PLASMA

As Bave béémn shown in paper /2/ the kinetie equatiom for
the electroms im beam discharge plasma cemn be writtem in
the follewing form

¥ _2 W 4 2 7238 _
where £( ) - the isotropic part of the electron distribu-

tion function; m - electrom density; )z - total frequemcy
for the momentum tramsfer; W - emergy density of Lengmuir
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oscillations; B8t(f) - collisional integral of the Coulomb
and electromn-neutral interactions. Equation (I) was numeri-
cally sol%ed for the total turbulence energies per one elec-
tron U = W/n end degrees of ionization oL =(n/N§ as a given
parameters by the method developed in /3/. For calculations
we used the crosgs sections for momentum transfer (ef), for
vibrational (VE) and electronic EEE) excitation and direct
ionization (I) and dissociation (DI) from /4/. Fig.I shows
the distribution functions £(U) for different values of U
(in V) for the selected iomization degree o« = 102, For low
U a nearly Maxwellian form of distribution is to be found,
80 we observe greater deviations in the range of higher U
values. Fig. hows the stribution functions for the se-
lected value U = 5 « I0™OV and foi different degrees of
ionization. Note that for ot 2 I0~% the distribution functi-
on in beam discharge plasma in nitrogen has a nearly Maxwel-
lian form. The dependence of the electron emergy loss chan—
nels on the degree of ionization and remarksble change of
them with respect to their dominant role can be seen from
the relative energy losses (UY/UT), which,are representsd
in Fig.3 and 4 for the two values U = 50102 Y and 5107V,

ELECTRON KINETICS IN BEAM
WITH KFINITE [FRTIME OF g

Earlier the degree of ionization « was supposed to be some
fixed parameter, yet, it can be calculated as a function

of parameters W/Po and PO.-L (Po = pressure of the gas,

L - the length of the device) when bearing in mind that in
steady, state the balance of electrons holds and that para-
meter U = W/n , determening the rate of heating, d.e%end.s on
ot ({rovid.ed that 1lifetime of electroms is limited y am=
bipolar diffusion). Then degree of iomisation o = (h/N )
is easy to calculate by means of the additional iterative
process, based on the electron balance equation. The calcu-
Lations were carried out for molecular hydrogen., Fig. 5 shows
the distribution function calculated for different values
W/Po (3/em®Torr) and Po L (in c¢mTorr). It's seen that the
ﬁ’ugc;io% £(U) depends on the parsmeter W/m T weakly for fi-
xed Po-L.

Fig.6 shows the ionization degree ot , mean energy U and
parameter W/n T ag a functions of W/Po., The depemdence of
the emergy input per one electron and pressure unit and
the absolute energy losses of the electrom U/ /Po (in

V/s o Torr) in different elementary processes on bthe para=
neter W/Po for Py,.L = I cm.Torr is represented in Fig. 7.
In Fig. 8,9 the relative energy losses (UF/ UT ) are represen-
ted as the functions of W/P, and B, .L.
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4. THE INFLUENCE FT SUPLAS’.[‘ IMPACTS ON
ELEC KINETLC BEAM DISCHARGE f

PLASMA

To study the influence of the population of the vibrational
levels on the discharge parameters the electron distributi-
on function was calculated with the superelastic impacts
taken into account. The calculations were carried out fo
molecular hydrogen and FyL = I em Torr, W/Ps = I0-° J/cm’.
Torr. The population was supposed to be Boltzman's with the
temperature Ty in the range 0< Ty < 0.8 eV. It's also sup-
posed that only single transitions between the vibrational
levels occur with the cross sections being Quvst= (V + 1)x
Qox (B) /5/; cross sections for ionization, dissociation
and excitation of electron levels are accepted to be the
following: Qv (E) = Q5 (E - O Evo ); where O Evo - energy
of the V-th vibrational level. Fig. IO shows the distributi-
on functions for Ty = O and 0.8 eV. Apart from paper /6/ the
dependence of f£(U) on Ty is weak due to electron balance ta-
ken into account. Fig. II represents the dependences of et

» W/n . T on the temperature Ty. The ene:;"gy input P , and
absolute energy losses of the electrons (UM /P,) in depen-
dence on Ty are shown in Fig. I2. It's seen that the energy
losses due to the virbational excitation appreciably decrea-
se with the increase of Ty.

COMPART WEEN THE MATIN MACROSCOPIC PROPERTIES
O HE D LOW D JHARGE, PLASMAS

Macroscopic quantities of electrons especially the distribu-
tion functions and the efficiency of emergy dissipation in-
to_the molecular component were calculated by means of the
solution of the adeguate kinetic equation and compared un-
der the condition of equal energy input from the electric
fields to the electrons per volume unit of both plasmas in
molecular hydrogen. The comparison between both plasmas was
performed upder typical conditions of their existence sich
as Po’ = I0~2, PJ = I Torr of the pressure. Furthemore we
used a constant ionizagion degree for the glow discharge
columm of (n/N)g = I10-© and performed the 5omga.r§son for
the three typical ionization (n /N)g = 102, 10~ s I0=L of
the beam discharge plasma. Fig. I3 shows the correspondent
distribution functions f¢ (U) in the beam discharge plasma
and fg (U) im %he glow_discharge plasma for a constant tur-
bulenge energy U = 5°I07“V per one electron and for the dif-
ferent values of the ionization degree (n/N)p. It's easy Ot_éo
see that fg () and +,(U) are very close for (/N)p = I0=
The case corresponds tz the conditign of ,equal energy input
per one electron and pressure unit = y Which can be
consgidered to some extent as a similarityslaw for the diffe-
rent types of discharge plasmas. The remarkable difference
in the dominance of the various energy loss channels in
those two dischar% lasmas can be seen from the relative

energy losses (UN repregented in Fig, I4
of ionization En /N-; = go-f. nEis Tiox: Uiltel Regoes
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