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Abstract: The effect of wn-mduced electrons enussion on the plasma sheath voltage for different values of 1on mdnced

electronz enu=zon coetficient haz been stndied Llang a Finetic Trajectory Sinmlation model of plazma sheathes, we calculate
the particle densities veaching the wall and for given won ndneed elections emizsaon coefficient the additional electrons enitted
fiom the wall iz obtained Fually, the plasina sheath voltage (wall potestial) iz obtained by solving the Powsson equation. Tt has
Ireen obeerved that the potential decreazes ag the 1won-imdnced electron enizzion coefficient merenzes ar expected theoret-

calky
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1. INTRODUCTION

L all practical plazma devices, plazma mteracts with the ves-
zel (matenial wallz) The interaction of plasma with the wall
hae been a matter of interest m all appheationz of plazma
mehadimg the schemes to hawness the fuoson eneigy

Flasma contams wonz a2 well as electrons Tt the mobility of
the electrons 12 nuch greater and hence can veaclh the wall
enarlier than the ionz2 Thiz makes the wall negatively charged

Dme fo thus, forther electrons gomg towards the wall ae ge-
pelled wlhereas the 1ons are accelerated towards the wall Tl
near the wall, the electron density decreazesz mnch fazter than
that of wn: awd a poaitive space charge regon 12 formed
shuelding the potential at the wall Tz zloelding 12 of the
ovder of some electron Debve length, T space charge re-
mon of poatiive 1ons wlaeh 12 very short, compared to the
charactenizfic length of plazma, 12 called the “Sheath™ The
aheath stonctore formed adjacent to awall facing plazma con-
trbmites to the stabulity of the cove plaama. Becange of the
sheath formed the negative potential at the wall can not pen-
etrate deep mio the core plazma and the cove 12 virtaally nin-
dizturbed

For a sheath to exist, the m-streamang ionz at the sheath en-
trance have to satisfy a condition called the “Bolun cotenon”
[ITI21[3] Dnat's kinetie form, thae coterion reads,

f1h '
W T HATL T (L)

where j; 12 the Boltzmann constant, ' and +* are the ion

and electron polvtropie constante, respectively, and TfL andl

T;T are the won and electron tempreratures at the presheath

arde of sheath edge, respectively, The condition (1) ensres
the potential profile to be non-ozcillatooy at the sheatl edge.
In realistic cazez, it 1= nmally satiztied maranally, 1.6, with
the equalitv 21zn

The Bohim coteron imphes that we need an electne fieldin the
remion precedug the sheath m ovder to accelerate the wne
The regon u the plazina where the acceleration of the ion
heginz 12 called the presheath. Thnz the plazma confined m a
veszel can generally be classified wmto theee regmons: the
zheath, the prezheath and the bulk plasma (cf Fiz, 13 [4]
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Fig. 1: General strnctore of the plasma wall fran=ihen region. The
sheath and collisional presheath edges are denoted by SE and PRE,

respectively

It i nmportant to note that the sheath shmeture 12 also respon-
aible tor deterimmmg the energy and particle flow towaids the
wall and overall bolk plasna belavior In the sheath vegion
the plasma 12 sigaticantly non-nentral althongh it 12 prachi-
cally qmazmentral at the sheath entrance and m the prezheath
region a2 well. Ag the wall 12 negativelv charged even the
Debve slielding cannot counteract the potential due to the
wall and a reaidne potential of the order X7, /w1 can alwayz
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leak cmit trom the sheath wluch 1= the prumary cauze of wn
accelerafion towardz the sheath from presheath remon. Hence,
a verw amall potential defference ocens m the presheath ve-
gio, which 12 verv large in termz of length compared to the
sheath. Thiz help= in sheath formation provided the won ve-
locity zatizfies the Bolun critenon

Eecently, Sclmpfer et al have studied the effect of paiticle-
mdnced electron ennzzion on the plasma zheath voltage [5]
In order to inveshigate thiz etfect, a new model mvolving a
collizipnles2 kmetic sheath conmatently conpled to a fiwd
presheath waz developed [6].

In the present wouk, we have stdied the effect of won-m-
dnced-electron emizzion to the plasma wall potential. Here we
wanfed to nnderstand how the property of 1one reaching the
wall can change the zheath potenfial For thas, we have az-
gimmed that the wn mduced electron beams to be cold. The
effect las been stadsed for the case withont a magnetie field
of the field bewng perpendicular to the wall. Using the Finetic
Trajectory Smmlation (TS model of plasma sheaths we cal-
culate the particle denaities reaching the wall and for given
1on induced electrons emizaion coefficient the additional elec-
trons enutted fiom the wall i obtained Fually, the plasina
sheath voltage (wall potentiall iz obtaned by solving the
Fonzeon equation. [f has been obzerved that the potential
decreazes a2 the won-mdnced electron enizzon coefficient
merenzes, az expected theovetically

The claractenstic feature of the TS method 2 that the disto-
bution fanctions of the particle species wvolved age calen-
lated dectly by zolving the related kmetic equations along
the respective collizionless particle trajectory [6-9]. In oxder
fo obtam the diztnbotion fnction at any pomt [ X,V ] of the
phaze-zpace we trace the velated trajectones fo zome phaze-
gpace where the distribnbion 1= gven.

2. THE PLASMA SHEATH MODEL

In the prezent work, we restrict omzelves to time-mdepen-
dent, collizonless electrostatic problems, az 13 appropiiate
tior the sheath remons. The fdlv inodel of the plazma sheath
1= shown schematically m Fig. 2. The notation £ v indicates
the fact that our model 12 one-dinensional both m confignra-
from and m velocity zpace, The magnetic field B = nomal to
the wall and azsnned to be “mfiutely™ strong, 2o that the
Tofv approxumation i appropiate

The sunmlation regon considered i@ bennded by two parallel
planes located at v = dand ¥ = L, and the plasma 12 azenmed
fo consiet of electronz and one #pecies of singly charged
icne, The two bomndaries are specified az followsz The nght
leanuil bonidary (= 7, ) is the “sheatly entrance™, separating

the non-nentral, colbzionless sheath region (= 7} from the
quast-nentral, collzional presheath region 5~ [ bowhere as
the left-land bonndary | v = 0 ) represents an absoybing wall.
The potentsal value at = [ 12 alwavs chosen equal to zeco.

Flueath

Fatramc e

Fig. 2 v plasana sheath neodel

We azznme that the plasma particles (electrons and 10n2) en-
ter the simulation regon from the nghit-hand bonndary with
cnt-off Blaxwellian velocity diztnbution fonctionz, that the
lett-liand bonndary does not enut any pactieles, and that both
ronndanes are perfecily abeorbing  Accordmgly, the elec-
trom velocity diztiibution fonction 12 given by,
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12 the electron cnt-off velocity at v The 1on velocity diztribn-
toon fometion at = [ 12 given by,
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12 the species-s thermal velocity, v,

- 12 the 1on “Maxwellan-

macummm” veloerty at v = Land v, (with v, = 0) s the ion

cui-off velocity at x = [, Here, T—f and T'J,', are the “formal”

electron and 1o temperaimyes.

Exact ion trajectonies are followed, to calonlate along them the
Lo distyibation fanetson, for the given won wyection distrila-
tiom: The electrons, on the other hand. are assumed fo have a
half Masowellian velocity diztribntion at mpection, 20 that theiwr
density can be calenlated analytically. Dme to absocption at
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Table I: Momahzed floating pofential ad conparison with theorehcal vales

p ny <107 m™ ] &, &,
r ( Presheath 1on & (V') (Mormalized potential, of Fef i Theoretical resalt

denzity [512 [5T
. KD 1 CROCHD =20 2747 =2 7483 =29275
2 1 CHIE =20 3476 -2 7566 -2 9348
0 Lr16E =20 4195 =2 7046 =2 84200
(3 10251 =20 JEH0E -2 7724 -2 0]
005 1335 =20 55621 =2 7803 =2 9552
(k140 L1 206328 -2 7851 -2.9633
1l 1451 =20 66759 =2 79240 =2 SEEE
12 1 (503 =20 To2s -2 7058 -2 9705
13 10545 =20 7378 =2 7097 -2 9738
14 LOs87 =20.7726 =2 8033 =2 9773
13 129 20 8072 -28073 =2 SR0T
G20 1 838 200776 =2 8261 =2 9078
.25 L1048 =30 1438 =2 8447 =3 0146
.30 11257 =30.3102 =2 8628 =3 0310
(k540 1 208k S0 0470 -29323 -3 0043
50 13353 =31 8170 =3 (0253 =3 1817

the wall, their full velocity distnbirtion 12 a cut-oft Mazwellian
Startmg from an iitial guese, the potential profile 12 iterated
towards the final tune-uulependent. self-consistent state [6]

3. RESULTS AND DISCUSSION

Az the wns accelerated fromn the bulk plasma region stiike the
matenal wall, electronz are releaszed and flow back mto the
Masma, mving nee to low plazma sheathvoltage than without
electron emmiz=ion. The decrement on the plazma zheath valt-
age depends on coetticient of won-mduced election emission.
Fig. 3 shews the vanation of potential for different values of
wonetnduced electron emission coefficient { 7 1 The poten-
tia] decreares az the 1on-mduced electron emission coeffi-
cient increazes, Cmr vesnlts agrees well with theoretically cal-
culated valnes [5] The floatmg potential and companzon with
theoretical valnes been tabnlated m Table 1 These results
clearly mdicate the reduction i plazima sheath potential and
itz dependence on wn=mduced electron emiaon.

In all cazez (for any valne of the wn-mdoced electron enme-
a1om coefficient ), the potential decreazes monotomcally from
the sheath edge to the wall a2 shown schematically in Fig, 4.

The apphed kanetic model iz expected to grve better m=ight to

the sheath stimeture. In the present work, we have assumed
that the iom-mdnced electron beams to be cold This work
may be extended to higher dimen=ional anabv=iz melnding the
effect of abligne magnetic field and the effect of electron and
other mmpunfies-indnced electrons

= T . T T . . T

Wl palential
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Fig. 3: Wall potential for different valnes of won-indnced electron
enmzzion cocfhicient
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Fig. 4: Typical seli=consistent potential profile o the sheath region
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