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A m~icii:l is suercs~4 7~ir.h rl r’l;c’ c i hf.. r, I IlP 
dis+,rurti9,1 of t4 :’ “lo I is<‘ll I P ti i li 1 tli. p ‘I .F 
discharr:c: ,nCrlium with t,tli, prf’s:.i~ I’” i~t‘ 1 1 I,! t’:k 
‘l’hc self-conoistent prvb 1,.‘118 is grl LVPil I cl i rlf2’. 

basic. different yqucrtions syst.pm UT rllr-trf i c’i, 1 
cynr:tics ‘The opt irnti 1 paraw=t,er3 rlf ri i sc:l~.~rr~r 
arc pL.cr;ented which enslure the mauimu 1 yield 
“f the N1’- compc~rlarlt l-fur Riven c~llei-gy 
coot r ibutiori. The concluoinns 1’11, rnechnn i .sm 
and optiml parameters nf gas d i s"llsl-@,r 
L.PF:~~FJ irre derived on the b;lriis cf c.r~np;lri son 
c of calcu Lated and expel imcnta I dir I,;\ csc;lji ~:\-e(l 
iin d~uopl:~smatron type iriicvtor rrf M I i neiir 
accelerator. Tile possibilities sre disc~rso~i 
of tile use oi’ this calculirtic~n modeL f 0 1‘ n n 
;1rl;~lysi3 of physical effect.? irl the ~.>-:gii.trr r-,f 
formation of plasma-type emitter. 

1 INTf?cawrrIcjN 

tli t,rl IEE’IL j on imp lan t.at inn i s IJ r;ect w i llr. I y 
t.o increase the surface hsrdnrsz rlf fl4C'til IS 
whj.ch result3 in t.1ic: 1 ,-rrgc 1n?rrnnc 
in the 1 ifetime of mast-linen Ill. IJeep 
implan;.ed layers are prefPrrPd whicli make 
wentd the imp lan tat ion c, f tJ+ r:rthcr than 
t.h;lt, of Mz+ ions. Ear ly f?>:;per i men+.?% 1 result3 
show that bet.t.er wear cAntI corrosion 
re3i3tanct:s tire Rchieved when implnnt,at,i.on i 5 
done with only N+ icrrrri rtither t.htlrl ri Lll t.he 
mixed Nt , Nz+ iiin be,?m r2 1. A purs henm nf 14’ 
ions i 3 de:sirablF; zinc? t,ti@ miiss sepnrir t i.i,l, 
enttlils the use of a lirrge mo~rlct. 
Elimination of the mt1ss ?epnrntion prmmlure 
allows a simpler, mo:e aff ic ient. and c~l.lrrrp?l“t, 
ion Bcceterutor as a whole. AppLic;~it,ir,r, 
of pure nitrogen bram in techn??l.>gy rirf ines 
t.he inLerc-:st fr,r p la Slnil fyne tip porometers 
o f t. h is 13-73 5 i3.41. In this paper ncin .- 
LjtHti.onary n itrogsn plasma 1 .5 er.plrlI-rtl AtI 
attempt i:s made trJ deve IrIp t11e c’u I(Y~ lo I ic 8t‘i 
model of nj trogen phsraa j n t.hc rn*1pr 0 F 
.SrnR 1 1 Vii 1 I, e c.lf cl i 5c:lvarRF. rilr-r-r-nt rlrrlwitv 
The impo::tant purpo?cs nf t IIf’ nllmer.i~~is I 
simulnt,iv~~ tire t l-1 e def in j t, i r,ll r, c illl,~-!I~Il I I 
plasma paranret,r’~ 5 ( ctl;lr~c~I p:~ I- I i c I i’ R 
crlncentration, exited pnrt.icler,, 1.~3 rl i ivi I 5 1 
wher1 external parameters al-F: fi i ven I I;” r, 
prcssurF’, d i3charge C:U rrr:r t UllCl \‘rl j I :,pr , 
ge:omrtr i 011 f*c%ni., scrv! nf t,hr? WCII.):~(I~ g~si , 
the cz~lculrrtion of the chcmicr+I rwct j011s c:) 
netics in plasma volllme and on lhe e 1 ec~t.l.CIIlP 
rllrfst-es, the serrrch of t hr. d i w:tlil~‘ge 
psramet.5r (electrr~n trmpr,r;rt ~tt‘r. ,tip= s i I’ i ( 

energy conttibutirrn trnrl i g ‘II i 7,;~ t. i r,n 
rffjcicmcyl lendinK t,r, t.t1e minim9 I pr-*we ,- 
con sumpt, ion. 

2. EXPERIMF:NTAI, :;E’r’lll’ 

The JOllt-!JP gaornrtry hn :i hr.-11 ,I I I~r~r,ll.v 

described I5 I. Ihc 5cl~Il-SP r-nclcIst=~ of tlrr Rlr 

couled electrodes ~1tt1 the dl~npl,,smatr-or3 t\‘pl= 
ronfiglIration. Cl tmllotd rnthode (:1,S r-n, rl~am, 

10 cm depth) made nf alumlnlcsm ~5 pr>-,~tinnrl& 

on the soui-SF ax15. 0 ,nagnr 1 1 c f1plti LS 

produced by permancn t maqne t ‘-, whl c II pr C3YI de 

;1 lollqit~idial mirqnetir firld rn LIV <arl@dP 
r-eqion with the magnl tilde nf ahnblt YI,;’ I at 
I tw2 ayir,. lhe Open erlli Cl f t tie T;n,Ir r e I5 
enc 105Pd by the twc, elrr LrlIdP arrf-‘lCJratlrl,l 

s~jstem and 641, elrl,~pl Ie11sr rIIr N1L,1bt4 ‘;r>JF. t Pll.. 
Nitrogen lone- are c,ctrnr-ted frmnb tt,r- cnttr r-c- 

Lhrollgh the 0, 5 ,I\,!, ri 1 i),ii -7per t11re. LLnca t.ecl 
rinwnst ream from the Plrl~el iPrl!iF 1% t he 

mayi~et 1c dof Iec t ivn sper Crome t er 1 L1 de1 LIlP 

the ior- species 1r1 tile PY tr ac led Llezrl. I he 

Faraday rup is localed fLlr flier dowristream. 

All the measurements are parformed Wl tt1 the 
s.nrrrse and extrac.tior* r,peratrcJ Lli <II .%ld 
p’t 15c mode. rt1e ,011 rrr-rqy 15 cst Lm?,C,-il llrar 

$0 licv. 

3. soLu r Icm w 141 i r7mFr4 wnstm c.‘ir~L T (125. 
THEORET ICRL rlrIDE1 . 

Comr~I Irated r t,rn, , r a I t-Tl,iC~ t 1 I,’ 1‘1-7’f ;,e 

rlc=‘ic r i hrrl by t IlP 5)‘s t F-f!1 0 f stet~~rm~tr iL 
squat ions: 

S L’iiMi 
t-J u 

i-i 
-z,Vij M i , Y= ‘,‘t’*., ’ , ( J 1 

wi>e, e L. -- the IIUITI~C~ 
!Jij’, Vij” 

uf elcmellLdry st.aqes; 
- StetlLcmetr tc coef flclents nf the 

1 -subsCallctl par ticipatirlq II, tflc? I led‘ t 1 on 
as a lI11Llatlng re.lqcnL dlld fY?sultlny product 
correspondJngly; M j -the amo! III t uf 1- 
substancr’ L” the system. 

Ihe r-ate of the prnce?s 1s q,\‘en hy [b]: 

~~=;~~~-~~~~~~ij~n:‘;K~ji~~~;lij’) , (II 

j=i i-l = 

w ,ere (I1 tile dens1 ty 0 f I subs t ,rnc-c ; 
lifj and Kbj - co”stants of ll1e dlrrct and 
lllverse reac t1uns curr-espon~1nq 1 y . 

Equatioll (2) itlcludec, value IIL Ini IN’ -I 
1 LNIS, where IN’ j - I-t,@ dEO’i1 ty of II 1 t r oqen 
stomic *ens, ohtalned 1 rl appropr la te 

processes (1,7) so 1t 15 necessary to 5oIve 
ll1e tkar d bSSlC rJ1 ferellt eque t 101 IS sysient 
IHUE) of rtlemiral ILylletJc s. 

1 Ill3 lCJl Iwllly vy[“cal ,,’ rJcess IldYlS been 
analysed: 

1. Settling and desar t lvat lo” nf level5 

N:.(C*fl.,) with constants 1.1. I - 1~1 .I@; 

2. Settling of levplc. R’llq wi tt1 tt-1-e corlsta”t5 
112. I - 112.13; 

3. Dezt.rllstion of I evels B311g with the 

constants k3.1 - k3.6, 
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4. sett11ng and desactlvatlon of cxc I ted 
levels N,(FI’&w,“) wiLh consta~lts (4.1 - 

k4.6, k3.1, k3.2, kZ.8, k2.h; 

5. Formation and destructions of ato.ns k5.1 - 

1.~5.3, k4.3, k4.4; 

6. Format ion arid de?t.rclc t ICII~ of ions 
N=’ (S,z*<. . ,I 1 with 1~6.1 -- k6.6: 

7. Irmizatlon process lk7.1 - 1~7.8; 
F3. Inn converslo” LA.1 - kH.16. 

Equations describing I he ma Lrl pr OTPSSPS 
mentioned nhove are qlvPi: IlFlOw. 

E1ectrons: 

I\l,(U,Vl + e - N,’ + Ze 

N + P 

hI=- + P 

I,,’ 4 c 

NT’ + P 

13- b r)P 

- II:’ k P 

-,*a 1 1 - hl, 

wall- I4 

--wa I 1 .- N= + N 

t4 = * 

Id,’ ( x , L’ 

( E.., + 

0”s: 

)+IJ,(::,“= 

E,, - E 1 

i - N’ +WN: ( 

= R,7;; cv , 

N’ tnr,s: 

N,‘(Y I + e - PJ’ -t- 

N + e - N’ + ;‘e 

I4 -e r\ly’(x,v) - N’ 

‘Y ( \I _ 

(3) 

-I N,Cx,v) 

14 c 1‘1, + - 1.1’ + x,1, 

ItI. ( 7bl . PI I 1x1 . 

N, + , ,‘I + ,q> - NW’ -b p,,, 

Id--(?,'.,, ) + PI;(x,,.-) -- N.’ 4 II 

where I*- t hP haslc elec trr>li sL.=l,te 01 pa,- t IT I=; 

L’ - the n~imber of nsrillatlnn levels; 

t - the enerqy of intern171 cxcitatIon. 
EXCl tat1on cro55-see t 1 nn5 nf eler tl-cl11 

lcvcls ;Ind i on I i ,? t i on c rn55-5ec t I 011 used lfl 
calculation are -shown on fiqlrrr 1 131. 

The ROE system (7) was ,-,r-l tten us Inq tile 

parameter5 n,,[l+‘l,IN lrrl~lr’ l.lN,* J,INI, 
rr!(rP)], rr~~(~s~],r~.~~(x .) I, [rdTxzi,IiIL.ciab I. 
CEI,iH-rl) I, CNr(c-rr,l . 

Ihere 15 some dxfflculty witty the arlalv’ir, 

of process rJ‘+n-wal I r1 IQ, t t1 t Iw I-nllstant 

ID. 132(0.6.-3.7)$10” S-’ fctr (1~ f if-1 1 t.lor, nf LN’J 

F-lgure 1 ExcLtlng CI-KISS- sert~“” of r,lLroqcn 

electron levels [31: 1 (i-2,. ; z- 

B’rlq ; z- cxnu ; 4- uT&; 5-aLng;h- 
El’~‘z-u ; 7- W~AU ; t3- 0 ‘n0J ; Y- 
lonlzatlon. 

2 . Calctulation of the ratln F ‘N, where I- t ‘It? 

electric fiPlri 3n dir,charge; N - I>rlltl-al 
particle density, us1r,q CklrrerlL ECjli‘lI lClll <?il<i 

dependertce of drift velurlty WdlE/rJ,: 

J = es (W& h, t +wdih;) 

Tlvrs form eq. (41, one obtalrlc, 

t= # 
( I 

wlwn anode [>u I E,I t ~.a 1 

J (Wdo) 

fall 

, (6) 

0 eS(y&+~w~fli)~ 

where I? tile crcE-,--sect,on LIf rl,sI-Il-,rg’-’ tllbe. 

lhls ralculatlorl ,I; 

relation 

r E’J 1 I /c?Cl 

191 : 

II>, I tw 

c:, t LJ k ro u t. 1 n e D I F r- I IN . 1 I I E E ,I N 11 a 1 I (e J 7, cl1csFll 

113 J:ICUI dar~re telli \ 11 Llw 8 r-31 r-rmdj t iol~s 3 n 
allode r CxJiOll 0 f rliJn~llnsnl<3+. r CII3 1011 SCIIIt-TP, 

5 (-1 I \‘PI1 b Y the 

, (7) 

concentrat1nr1. Velcjsi ty rocl5ra1jts of elec trorl 

impact r caar t ions Car-P c?xtraprllated arId 

5per I f 1 PI-l h)’ 11,7,81. 
The self - ~ranslstent problem 15 r,nlx.,ed in 

the f n1 1 OUll “y way : 
I . Calc\>lat*r\ nf fzI”r t II IP <CO!\ er1lr at lu,ITi: 

t 6Yllpu t1rr e I r, t tw? 

ar\; = f ( i n, ,n2 ,..., npl ,t) , 14) 
at 

Wl tt1 the 1n1ta1 cr.mci~ t iolls v,(tm )-ll,,? , 
1~1 ,;. . . ,N, 1s redc heel by IIleJns n f ttw 

stubroutine S2SrIF for determj.r,;lttnr, I3 f llr31 d 

BDE systems. 

c-athorlw plesmxs; M 1011 ma%?; ,” rlertron 

ma 5-i . 
-5. Calculation of cneff irients depending on 

aletrir field (E/N1 with the I(T-,I? till? P”f?r-gy 

riistrihtbtion of electrons I’., -1; + (E/N), 

Di=Di IE!NI , wh>rh m A y be I-eel 1zed II>, 

subruotine CCJEF for determination of PldSlllJ 
cynetics coefficients. 
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t-lgrlrf 2 Calculated and cxpcr~mrnt,al Vd 1 lit-= 0 f 

loqCN,‘I/CN,+] ,n dependerlce nn 

tilscharqe cr,r-ren t denai ty IogJ: 
thooretlral r-esu 1 t5 

( smal1 rurrents); - -- e”peilment 

( dc mode of operatior,) ; ------ - 
?xperjment (pulse mode of operation) 
-.-.- - e:~pr2rmental data [iCal; 
-- - erlrapolation of thvorctiral 
.J d t J ( 111gl1 dlscharqe cllrrettts); 

pa’alnf ter- of CI,T\‘PI the ¶a= 
pressl,rc jr3 d~sclrar-qe <-l~nmber , Fa. 

4. 7 I-IEORET I IIAI. FINI F XPFR I MENl’AI 

RESIJL. TS 

WV pr-P’P”t snmr merhan1sm of (,I tr-ugell lU,15 

q~ner at 1 rr which may he used fnr description 

of [N,‘]/CN~‘] erper1menta1 depe~~rlences 011 

in1 tial ‘iPI, t.ra 15 drrlsi t y a ” d rj I c,cl12rqe 

rlrrrr-llt Il’~~OS 1 t y . F r I (? r F, A, v r;t~p~~Interl h) 

mi5tr71es in particle= rlcnc,1 t-y as LUEII 35 
roeficients of pr-ocessec, r-3 tE. Ttworetlcal 

and e~perlmental data for SrnJ 1 I dlscharqe 

cur,-rents <ar-e shown on fig. ?. rheoretical 
arl\~estlgatio” of feasible II~EC han i sw+ of 

ni trogfn destruction has shown tt1at IllgIl 

cffiriency is I ~acheri t II 1101 requ i I I L)I * um 
condltlonss (Tri,To) ,whrre Tr> - I1eol:r.d I gas 
ternpi, turfs 1 , when dissr,ciatlon 1s stllrlrll.ll.ed 

bY CJ5‘. 1 I 1 d t 1 or1 e:~rialation of FJ I el,iZtrOll 

levels. Fur thermor e, thP rreat:nn of N, * ,ooz, 

IJY elec tl-on 1 “lpar t ( thnlr rertwr~ging and 
deitrurtion by diffusion nr dlf fuziol, NV, tll 

the three-particle COIIVET’~~O~ may riot erpl.~ln 
ttte e~per1menCal data. It ~5 neceesar y co 
tc3vc IntO aCCOLlll t the arllbipolal dl f fl151on 
i)LrLJss maLJneC1c flElld, 

Experimental depend~nrr-. of lilq[ tll+], ( IJn+l 

for lllgh Idischarge currents 1” the I a,lgc nt 
work 1.“~ ~;es pressure 5-10 Pa are show, on the 

same fig.2. Exprr1mental data irrside 

considered error r anye for Illverstigated 
space ot parameters ac~oun t I r~q Pxtrapolatlnn 

procedure are in good aqreewxl t With tt1e 

theoretical results. It seems thal slgni f icant 
dlstinction of theoretical P n d expFrlm~nta1 

data [l’?ll (see fiq.l.1, may be e!:pla,ned b} 

the specific dlscharqe conrli t- 1 on5 of 

“ll, 1 t 1 ct,sp anodcb ‘.y% I c’m pr1T,Es-> I fly (1 f high 

efficiency of electron energy tr -Insfer Into 
plasma by means ropea ted oic~llation5. 

lkc~llatio~~ 0 f p 1 aT;ma c 1 DC lr 01,s 1 c;rds 
t u tIlyl8 r1011--F’qUl 11br lunl Ttatc ot ~1, strtlnrqr 

LundiLlo~,?, (lc, >lol. 

Thcorctlcal ar1alys15 of p1<,‘;m,r cyr,cLlcr, In 

the rarlqe of high dt5Chill qo Cllf t-e,,tlr slrows 
that addltlnnal efforts should be taken to 

qet more correct cynetics coef f 1c1rnt.s of 

consideral reac tlons. 

5. CONCLUSION. 

Theoretical model and erperlmental data 

obtained on duoplasmatron ,on 50ckc5.e for 

small discharge current are? discussed. 

Considered calculation alqor1 tttm m a ,’ be 
sucseF.5fLll ly applied to an *3rlalys,s of 

physical effect-s in ttle reyinrl of formation 

of plasma- type emitter. In L7ddl t I”” this 

calculatlo” mode 1 might be Llsef Li 1 for 

cousidering more compl lcated plasma-creating 
media, for example, halngcnc,. 
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