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Abstract

The electron encrgy distribution in mercury-argon mixture discharge
calculated numerically from the Boltzmann eguation. In this job The mixture
parameters such as drift velocity, excitation rates and ionization coefficient
are calculated which are plotied as a function of the E/N. Values of the ratio of
the electric field, E to the F“ numbtr density, N of interest in this work are in
the range from 10”% to 10" V. em’.

The results show a good agreement with available experimental and
theoretical data. The present results are relevant for the modeling of
discharges in argon which its atoms play a major role in the kinetics of various
lasers.
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Nomenclature: T, electron temperature (K)
The symbols and their units are as N, number density of th jth state
follows: (m™)

u  Electron energy (eV) Q cm}ss-sfer:tiﬂn of the jth process
E  Electric field (Vm™) {(m°)

m  Electronic mass (kg) Q. cross-section for the reverse of
M  Atomic mass (kg) the jth process (m’)

k  Boltzmann's constant (JK™) i, Threshold energy of the jth

¢ electronic charge (C) Q,, momentum transfer cross-

g, Permittivity ol free space section (m”)

(Fm™)

N neutral density (m”)
M, electron density (m™)
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Introduction

In laser gas modeling, the pumping
rates are usually calculated. From the
electron energy distribution function
which g obtained by solving
numerically  the  steady  state
homogenous Boltzmann . the reason
for this is that the gas in the discharge
is only weakly ionized and the
clectron energy distribution, began
dominated by the electron-neutral
collisions, may be highly non-
Maxiwellian.The main collision types
which is include elastic, in elastic,
super-elastic and electron Coulomb

collisions are considered in such
analyses [1-22 ].
At the range gas pressure, the

caleulated electron energy distribution
has been found to have depletion at
the region abave the effective
excitation energy threshold. This
characteristic bas also been showing
by independent experimental
investigations using the Druyvestyn
second differential method, The
depletion  characteristics in  the
distribution can case large error in the
pumping rate calculations if a
Maxwellian  distribution is  used
instead.

To calculate the electron energy
distribution, numerous data have to be
compiled from the literature to be fed
in o Boltzmann equation
coputation. Althogh  the  solution
method of the equation may be
Accurate the solution depends heavily
in the accuracy of the input data. There
iIs no indications that what s
calculated represents the actual
distribution  in  the  discharge,
especially if the discharge is in pulse
mode.In this paper,an attempt is made
to compare the electron energy
distribution calculated from steady-
state homogenous Boltzmann
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equation  with the experimental

data[23].

Boltzmann equation:

The general electron distribution
function F is given by the steady state
Bolizmann equation

vr.
eEF

m

v F+V,,.

=C(F)

The terms on the lefi-hand side are the
divergences in configuration and
velocity spaces and C(F) is the
collision operator.

Homogeneous Boltzmann equation:
Following the usual expansion, the
isotropic  component{u) of the
spatially independent electron energy
distribution in a uniform electric field
is given by the equation below [24].
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The normalization of this distribution

i5 .
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2 _E}I _"u1"f(u)du= N,
\m,/
on the right-hand sidegthe first

summation is due to the excitation
processes and the second summation
is due to the reverse processes. The
ionization process has been treated as

an excitation process without a
TEverse process. The
terms,Qee, A (ulandAs(i)are due to
¢lectron —electron Coulomb
processes.

The electron energy distribution has
been assumed to be nearly isotropic,
thus allowing it to represented by =
two-term spherical harmonic
expansion. This condition is satisfiad
at reasonably low wvalues of EN
where the drift speed Is much less
than the random speed.

The momentum loss in the coulomb
collision has also been neglected . This
is wvalid if the electran-electron
collision frequency is much less than
the electron-atom collision frequency.
In weakly ionmized gas discharges
where Ne/N<10".Renormalising the
equation by letting

q ;L kTl
6 tu1r=ﬂ[-‘~‘5H fu)
N,Am J

We have

Ju'?f, (wdu =1
i}

wfuyduru®? If{u}du]
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The equation remains the same form
except that flu) is replaced by fi(u)
and A, (u) and A,(u) become

Ay(uy=

; (?J_{Jumfu(uldu +ut? ?fﬁ[u}du

Asfu) = %(%T _“u"'zfIj {w)du

-\ 20
The transport parameters are defined
as follows. The drift velocity,Vgis

ie
Eq_‘f\: j'"‘ ﬁa’u
s NO, du

1\’._1 =
3 \ m}
The rate of jth process is

s 1w

2e -
=| — d
H‘.ﬂ [ m J I-‘I[H'h Q‘r.‘{l‘.l H

Numerical method:

The equation is written in ils
difference form and solved by Gauss
glimination and and Gauss-Siedal

iteration  [25].  The  boundary
conditions are set by imposing
particle conservation within the

energy range considered and an
energy balance calculation is used to
check the solution. The energy gained
per second from the electric field and
super elastic collisions is:

VEHY u R
!

where R is the rate of super elastic
collisions .The energy lost per second
through  elastic, excitation and

ionization collision is
@2mM) U R+ Y u R,
¥

where R.is the of elastic colliston and
R, are the rates of excitation and
ienization collisions.
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The results and conclusion:

Fig (1-3) show the energy distribution
function for the mercury-argon
mixtures have been computed at E/N
values 2, 20, and 200 Td, respectively,
this show the value of the distribution
function at the electrons energy of 5
eV is larger. This, of course, in means
that there is possibility for the
electrons to carry out inelastic
collisions at low E/N wvalues in the
case of pure mercury vapor[23]. It is
observed that as the concentration of
mercury vapor decrease in the
mixture, the more inelastic collisions
is expected to occur with the increase
of the E/N wvalues. As shown in
figures (1-3) that the distinet increase

in the distribution function s
observed at low electron energy
regions as compared with other

regions. This indicates to the region of
the increase number of elecirons
which lost their energy due to
inelastic collision and fall down to the
low energy region. Of course, this
assures the decrease of the EN values
with the decrease of mercury vapor
concentration at the occurrence of the
inelastic collisions. The direct eftect
of this behavior is on the values of
electron transport parameters.

Fig (4) show the behavior of v for the
first three mixtures above is similar to
that of pure mercury vapor except at
E/MN value where vy starts to increase
with the increase of E/N at the value
of | Td approximately. A comparison
of figure (4) with figure (5), it is
noticed that the inelastic collision
between the electrons and the atoms
and/or molecules of the mixture starts
at E'N ~1Td, This indicates that in
such mixture an increase in drift
velocity w4 is obtained, While in the
above last three mixtures, the same
behavier is  found except of
unsimilarity in the behavior at E/N<I
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Td and E/T>100 Td and this
unsimilarity increases with decrease
of mercury vapor concentration in the
mixture. This behavior is clearly
observable in  figures  (6-8),
respectively. In these tigures, as the
concentration of mercury vapor
decreases, the value of E/N decreases
where there is an inelastic collision.
This causes an increase in the number
of low energy electrons as indicated in
the description of the energy
distribution function. This behavior
leads to a decrease in the electrons
velocity at these low energy regions.
At high energy regions, the difference
in the behavior is due to the decrease
of E/N value at which the ionization
process starts for mercury vapor
atoms. Of course, in the ionization
process, the decrease in the energetic
electrons occurs because of the
capture of electrons by mercury vapor
atoms or due to the loss of electrons
as a result of their energy transfer to
the mercury atoms as a result of
inelastic collisions. This transfer will
leave the electrons with very low
energy which leads to a decrease in
the number of energetic electrons
according to the above we can say :
when the concentration of Hg vapor
increasing and  decreasing  the
concentration of Ar , at this instant ,
there are stable in elastic collision
following fall like sharp , but happen
the opposite , there are falling sharp ,
and when increasing in Ar and
deceasing in Hg , there are falling in
the fractional power like following
case [23].

The excitation rate behavior for all
electronic levels is approximately
similar to the case of pure mercury
vapor. The difference is in the value
of E/N at which the excitation rate
starts to increase with the increase of
EMN value for each electronic level
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and most the electrons energy transfer
to the second electronic level up to a
specified EMN value which depends
according to the tvpe of mixture as
shown in  figures (9-13). The
electronic levels gain their encrgy
according to E/N value such as the
case of encrgy transfer to the 6 'p: and
6 'py levels. However, the values of
E/N are different and they depend on
the type of mixture.

It is observed that comparison of the
figures (12-13) with the figures (7-8)
shows that the fractional powers of
the electronic excitation and the
ionization have fixed wvalues. This
behavior is accompanied by fixed
values of the excitation rates for the
four electronic levels at EN>=100 Td.
This means that the system reached
the stable state and that most of the
energy will transfer to 6 'p; level and
then to other levels 6 'py, 6 'p,. 6y,
respectively. In this case that at high
E/N wvalues, the electrons energy
increases to the value that the
electrons are ready to excite all the
levels even the ionization state in
mercury vapor atoms. However, as
mentioned previously, this depends on
the cross sections for the four
electronic levels and the cross
sections for ionization.

Fig (14) the behavior of ionization
coefficient as a function of E/N.The
value of ionization  coefficient
increases with the decrease of
mercury vapor concentration in the
mixture. As E/N value increases, the
differences in ionization coefficient
values decreases down to the value at
which they are approximately meeting
at one point. This behavior is due o
the increase in the number of
electrons that causing the ionization
as the mercury vapor concentration
decreases in the mixture. This is
interpreted as in the case of pure
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mercury vapor, the energetic electrons
collide in elastically with mercury
atoms losing their energies and
become at low energy. In the mixture
with low mercury atoms
concentration, an excess in the
number of energetic electrons is found
as a result of the decrease in the
number of mercury atoms in the
mixture. As E/N wvalue increases,
these electrons will acquire an extra
energy and their number that causing
ionization will increase with the
decrease of the mercury atoms. A
comparison of figure (14) with figures
(5-8) shows that the final values are
fixed at higher E/N values for all
mixtures. This behavior is related to
the stability of ionization state and
also to the electronic excitation. This
indicates that whatever to be the
difference in mixture ratios there are a
limited number of electrons which
initiate the ionization in the mercury
atoms at specified E/N values. Of
course, the ionization process depends
on the ionization cross sections. The
distribution function approaches the
Maxwell-Boltzmann distribution
function at higher E/N values [26]. In
such situation of the distribution, the
numbers of electrons with relatively
high energy are limited and this
explains why the values of ionization
coefficients for different mixtures
meet at one point when E/N value
increases.
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Fig[t5): The ionization coeffichant Ser Molesus varsws {EMi] m Hawar modune
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