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A model is sugpested wich desecibes  the
distruction of HMNe molecules  in 1 he B
discharge medium with the presoore of 1 1¢ pa
The self-consistent problen 1 solved  oaing
basic different equations systew of rhemten!
cynrtics. The optimal paraneters of dischavage
ave presented which ensure the maximal yield
of the HNit- component for given CNeErgy
contributiorn. The conclusions on  wmechanism
and  optimal parameters of guas discharge
regime are derived on the basis of comparison
of calculated and expevimentnl data achieved
on dooplasmatron type inicctor of  RlIY  linear
accelerator. The possibilities are discussed
of the use of this calculation model for an
analysis of physical effects in the region of
formation of plasma-type emitter.

1. INTRODUCTION

Hitrogen ion implantation is used widely
to increase the surface hardness of metals
which results in the large increase
in the lifetime of mashines 1l Deep
implanted layers are preferred which make
wanted the implantation of HN* rather than
that of Nz* iong. Early experimental results
show that better wear and corrusion
resistances are achieved when implantation is
done with only N+* ions rather than with the
mixed N* | N2+ ion beam [21.A pure beam of N+
itons is desirable since the mass separation
entails the use of a large magnet .
Elimination of the mass separation procedure
allows a simpler, moure efficient and compact

ion  accelerator as a whole. Application
of pure nitrogen beam in  technology defines
the interest for plasma cynetic parameters
of this gas [3.4]. 1In this paper non -
stationary nitrogen plasma 1s explored An

calonlatb ion
raonge  of

develop the
plasma in the

attempt is made to
model of nitrogen

small value of discharge ourrent density

The important purponses af  the nnmericis
simuletion are the defipition T Jinternal
plasma parametors (charged particlies
concentration, exited particles, radicals)
when erternal paramebers are given (gas

pressure, discharge curren!  and .
geometrical factor, sart of the worvkiug gasd,
the calculation of the chemical reactions oy

netics in plasma volvume and oun the electrade
surfaces, the searvch of the discharge

vl tape

parameter  (electron  temperature, spesilic
energy contribution and tonization
efficiency)  leading to  +the wmioimnl  power
cansumpt ion.
2. EXPERTMENTAl, SETHP
The sourse geometry has been whvendy

described (5. the sourse rconsists of the air
cooled electrodes with the duaplasmatron - type
configuration. A hollow cathode (2,9 cm diam,
I? cm depth) made of aluminium (s pozitiooned
on the sourse  axis. A magnetic
produced by permanent magrnet=, wbich provide
a longitudial magnetic {ield in the anaode
region with the magnitude of abont a,2 T at
Lthe axis. The open end of the
enclosed by the ‘two-eleclende
system and an einsel lense for s inyg
Nitrogen ions are extracted feom the
through the @,5 wmm  diam  aperture.
rfownstream from the einzel fense
magnetic deflection speclrometer to
the ion species 1n the extracted
Faraday cup is Jocaled fur ther
All the measurements are perforaed with the
sourse snd extraction operated i de and
pulse mode. The 1on enerqgy 15 ostimaloed 1CAr
D keV.
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3. SOLUTION OF NITROGEN PLASMN CYMLETICS.
THEOQRETICAL MODEL .

Complicated chemical
described by the
equations:
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wnerF L Py the number of elementary stages;
Uii, vlj - stehiometrtc coefficients of the

1-substance participating In the i-reaction
ag a initlating reagent ond resulbting product
correspondingly; Mj -the amoun t af 1-
substance in the system,

The rate of thbe praocess is qgiven ty [&]:
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where ni - the density of
Kf} and Kby - constants of the
inverse reaclions correspondingly.

Equation (2) includes value ni fas N>
1ons, where [N*') ~ the deosiky of naitrogen
atomic Lons, obtained n appropriate
processes (1,<7) so it 1s necessary tn solve
the hav o basic 1 ferent equationg syslem
{BDE) of chewmical wynetics.

The fullowing typical
analysed:

1. Bettling and desactivation ot levels

Nx(C*[.) with constants k1.1 - kji.l1@;

2. Settling of levels B™Hg with the constants
k2.1 - k2.13;

$. Destrustion of levels B g
constants k3.1 - k3.6,

1-substence;
direct and

process  have been

with the



4. Settling and desactivation of excited
levels Nz (AT . ") wilth constants +4.1 -~
k4.6, k3.1, k3.2, k2.8, k2.6

3., Formation and destructions of atoms kS.1 -
3.0, k4.3, k4,45

6. Farmation and destruction of icns
No*(BzZ . ..) with ké.1 — ké.6y

7, Tomization process k7.1 - k7,8;

B. lon conversion k8.1 - kB.16&.,

Equations describing Lhe main
mentioned above are given helow.

processes

Electrons:

Nz(x,v)} + & — Nz* + 2¢
N o+ e Ny e

MNa* + 2 - Mot + @

Nzt + @ ~wall - Nx

N>+ e -wall- ¥
N-* + p -wall- Nz + N
Mot 1ons:
No™ (%, vy Y4z (x,ve) — NT+RM Nz (%, v.)

( E.i ¢ €.z - E.o = 8,73 oV

N* {ones (3)
M.*(x} + e - N* + N + e
M+ e - N + Je

N+ No*{x,v) = N + No(x,v)

N+ MNa™ — MY+ 2N

[N R [ N

Pe* v DM+ No - N=* o+ Rl
WNat{w,w, ) v Mlelx,ve) ~ Neotod4

where x-the bhasic electron state of particle;

v - the number of ascillation Jevels;
& - the energy of internal excitetion.
Excitation cross-sectinnsg nf eler tron

levels and iopization croszs—-section  wused in
calculation are shown aon figore + 3.

The BDE system (2} was wraitten using the
parameters Na, [Mz*T1,IN" T,[M=* 1,I0N.*" J,INI,
(N(FP)J, [NIS) T, (M=%} ], [MeXgl,TH-(A)],

[N (BTN T, (Nz(C™) ] .

There is some difficulty with the analysis
of process N*+e-wall- M with the tonstant
EBL13=(0.6-3.7)X10° S for
concentration, Velusity constants of electron

impact reactions are extrapolated and
specified hy (2,7,81.
The self - consistent problem is solved in

the frllowing way:
i. Calculatin of particlie conventrations:

anv .
3t fFng,ng, g, t), o

with the inital conditions oa,{ta }7nea
1Ty, T ., N, 15 reached by wmeans nf the
subroutine SIZSTIF for determination of liard
BDE systems.

definition nf [N*]

997

Figure 1 Exciting cross-section of nitrogen
electron levels [3]1: L~ AT . .; 2~
8Tng; 3- C™u ; 4- WTAu; S-atng;&-
BISZE~u ; 7- WAu ; B- B ‘nu ; 9-
ironizatian.

Z2.Calculation of the ratio £/, where - the
electric field in dinscharge; N - npeutral
particle density, using current equalion and

dependence of drift velocity Wd(E/N):

J= e5(Wde Ne+ ZWainy)

(D)
E/N &
W = wd°((E/N)O)
Thus form eq. (4), one obtltaing
J (Wdo) TS

E . (i) )
N W e S (W + 2y ;)=

wlhere S—-the cross-section of discharge tube.

This calculation s realiced 3% the
subtrautine DIFFLUN. The E/N value ijs  chosen
in accordance whith the real condjitions  in

anode region  of duoplasmatron  1on  source,
when anode potentiel fall is qgiven by the
relation (97

- KT M ,
e 4 E)

where Ta: - the alectron temputuce 10 the
cathode plasmxa; M - ion mass;g mo- electron
Mmass.

3. Calculation of coefficients depending on
2letric field (E/N) with the use the energy
Aistritnition of electrons [P “lke.. (E/NY,
Di=Di{E/NY, which mAay be realized by
subruotine COEF for determination of plasma
cynetice coefficients.
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Figure 2 Calculated and ecxperimental value of
logNy*1/N=*] 1n  dependence 0on
discharge current density logd:

- theoretical resul ts

( small currents); ——— ~ experiment
( dr mode of operation); —wweeo.— -
experiment (pulse mode of operation)
——— — prperimental data [10@71;
—— - exlrapolation of theorctical
data | high discharge currents);

parameter of Curves. - the gas
pressure 1n dischacrge chamber , Fa.

4, THEORETICAL AND EXPFRIMENTAL
RESHULTS.

We present some mechanism of nitrogen joans
generation which may be used (or description
of [N;*]1/{Nz*] experimental dependences on
injtial reuytrals density and discharge
current density., Frrors are stipnlatred by
mistakes in particle density as  well 3s
roeficients of processes  rate. Theoretical
and evperimental data for small discharge
currents are shown on fig. 2. Theoretical
investigation of feasible mechanlisms of
nitrogen destruction has shown thalt high
efficiency is reached in non-equi 1Librtum
conditions (Te>>To),where T - neutral ges
temputure), when dissociation is stimulatled
by ousgillation ewxcialation of Mz electron
levels. Furthermore, the creation of N,* jons
by electron Jympart, their recharging and
destruction by diffusion aor diffusion with
the three-particle conversion may not explain
the experimental data. It 15 Necessary to
taktre into account the ambipolar diffusion
acrouss magnelbic field,

Experimental dependences of ToglMg+]1-{Ha+1]
for high discharge currrents in the range of
working gas pressure 95-10 Pa are shown on the

same fig.2. Experimental data inside
considered error range for inverstigated
space of parameters accounting extrapolation
procedure are in good agreement with the
theoretical results.lt seems thal significant
distinction of theoretical and experimental
data [1@] (see fig.l.), may be explained by
the specific discharge conditions of
multicusp anode cystem posesaing of lhigh
efficiency of electron energy transfer into
plasma by means repeated oscillations.
Oscaillation of plasma electrons lecads
to high non-equilibrium  statle of discharge
conditions (Te>>To).

Theoretical analysis of plasma cynetics in
the range of high discharge currentls shows
that additional efforts should be taken to
et more correct cynetics coefficients of
consideral reactions.

S. CONCLUSION.

Theoretical model and experimental data
obtained on duaplasmatron 10on sSouUrse for

small discharge current are discussed.
Considered calculation algorithm may be
sucsessfully applied to an analysis of

physical effects in the region of formation
of plasma-type emitter. In addition this
calculation model might be useful for
cousidering more complicated plasma-creating
media, for example, halogens.
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