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MULTIPOLE PLASMA SOURCE -

ABSTRACT .

o o 1 A » _
" Plasma density of the order of 10 om 3 is produced in

a‘cylindrical; magnetic multipole'dévice. The’central'volume
Surroundingrthe'axis, about 60 % of the total volume of
chamber, is magos;ie field free. The"plasma_obtaipeé ié uniform
..to 4 % at the o:sp magnetic field of 600 gauss. Fractional
 ionisation of 20 % and a plasma den51ty of the order of

1011 cm 3havehﬁen achleved at a pressure of 2 x 107" torr. The
conflnement effect remalns 1ndependent of electron emission for
‘ 1onlsatlon and drops down at hlgher background neutral den81tles.
 The plasma life tlme 1n thls dev1ce is around 85 Ausec at

- torr w1th a cusp magnetlc fleld

background pressure of 4 x lo
of 600 gauss. The capac1ty of thlS source to supply a max1mum of

250 m A ion current was reallsed.



1., INTRODUCTION

1

Large, quiescent and uniform&plesmasncen be produced using
multiple magnetic containment technlquel° The magnetic field
that exists only near the Surface of the chamber reflects the
1on1u1ng electrons and. hence 1ncreases the. 1on12atlon ‘efficiency.
ThlS report dlscusses the. characterlstlcs ~of. such a plasma,’
essentlally in a zero magnetic,fieldnghe large.improVement'i”
plasma generatlon Eff1Cancy, ‘quiescence and unlformlty together
w1th the measurements on, conflnement Iurn—on»and afterglow are re-
rported Speelally as'a{functLQn:Qf“cusp'magﬁetic?field.'All the \‘

observations are made in air plasma.

2. DESIGN AND STRUCTURAL FEATURES

The experaﬁent was~performed in a chamber of dlameter l2 cm
and length 18 em. The magnetlc fleld was. produced by c1rcular
'00118 surroundlng chamber, By pa851ng the current 1n alternate
:dlrectlons in nelghbourlng c01ls the cusp conflguratlon as shown
in Fig. (1) was achieved. A fleld of about 600, .gauss over flve
35 cm azimuthal line cusps appears at 1.8 x lO4 ampere turns. The
introduction of mild Steel rings between the coils enabled the
- cusp field to be sharper and intense and it resulted in mini-
mising the losses. Also, the observations showed that volume
with zerobBifield increased by the introduction of the M.S. rings
in between the coils. The magnetic field inside the chamber and

the effect of introduction of mild steel rings are shown in Fig.(2).



.After a short perlod of operatlon there are seen v1sible discolou-‘
"lrations in the form of thln llnes runnlng 1n the 1n31de well
"of the chamber all along the extended cuSps 1nd1cat1ng that
electrons are reachlng the pole faces through the extended loss
'cone in the CuSp fleld o | |

e The den51ty and conflnementumeaeurements werermade 1nvthe :
range of lO 15 amp current through tungsten fllaments of 5. cm =
length W1th a dlscharge voltage above 50 volts. Observatlons at
different steady values of preSSure and fleld were made by means
of a disc Langmulr probe w1th an exposed area of 0. 2 cm2 which - had

B IO

an arrangement for radlal and ax1al movements.

3. EXPERIMENTAL RESULTS

a)'Plasma~denSiﬁvi'\

The productlon rate can be wrltten as

4 'v dv' ) 7 I .._
:f{t*(@) )J > ' (1.e. ‘when electron mean_free patch

is. very much larger than chanber ‘size) .

d“t?) 1s the 1on12atlon cross-section of néutral‘éas-atom'to'w

be ionized by an electron with kinetic energy Q}j 1s ‘the emission’
current.,,re,' “
ﬂf 4 is the average emission €lectron path: length (which depends

on.system geometry and plasma:boundary properties). For the '
hypothetical case of total primary -électiton containment by -

_electrQStatic and magnetic- fields thlsiperametef“becomeSfiarQEr



: : -
r N
than the ionization mean free path .LFF63) ?M,/ and inversely

aﬁproport&on'tov7m . With no eleotrostatlc or magnetlc contalnment
the X&H?becomes 1ndependent of the neutralcien51ty and 1s of the
order of the chamber length A set of measurements of plasma L
density was made with cusp fleld neutral den51ty, electron emlsslon
and dlscharge voltage as parameters. It is seen that at a partlculm
neutral den81ty and CuSp flbld the plasma den51ty 1s a llnear
function of electron emiSsion current. The values of den81ty are
_plotted agalnst electron emlsslon current for dlfferent values

- 0f cusp field in Fig. (3) It is wortH to note the parallel nature

of these llnes which reflect the 1ndependence of *he c lrfﬁeld

confinement with reSpect to the ‘electron em1851on current:iv

Fig.(4) shows the varlatlon of plasma den51ty with neutral den51ty

JOSRN

at different cusp magnetlc flelds. The logarlthm-c plots of‘7c\4'ﬂ@

is a st. llne. The index 1ncreases from O 2 to O 45 correspondlng

to a variation of magnetlc fleld from 0 to 450 geuss 1nd1cat1ng
the 1ncrea51ng efflclency of 1ODlSathD w1th the CuSp fleld An

: emplrlcal relatlon can- hence be wrltten as 71@5? JC where ;x;ls

a factor sensitlve to conflnement.

vb)‘Fractional Ionization. L e e e )
The fractlonal ionisation is around 0.1 - 10 % at 4 -x. 1057
torr, w1th a conflnlng field of 450 600 a._The efflclency of

1onlzatlon builds up by the presence. of cusp field. Itgpegqh@sw_

a value.oleQ_%_at,Z x.lQ,s,torr with a zusp field of“GOO G-

11 -3 11 . —3)

(a denSity,of 2.6 %10 cm:;‘at—an_no 13.2 x lO he



'fractlonal 1onlzatlon drops down rapldly with pressurel ThiSTiS

At -
lﬂ where Z is.a factor less than 1.

(o

'as expected since Y\Q,ﬂ
' The fractlonal 1onlsatlon at various neutral densities. 18 shown:
in Fig.(5) for the cuSp fleld of 450 Gauss. The graph shows an

1ndex of 0. 55

¢) Electron Temperature:

'

The electron temperature was found t0' increase very
Asllghtly with magnetic cusp field at low pressures.l(“ld;4 £8£f)'
gAt.pressures above 10'4 torr: plasma temperature is not affected
a,by cusp fleld The temperature vS. magnetlc fleld curves arerlni
shown in Fig. (6) at dlfferent pressures. The 1ncrease in tem:%;
~'perature at low ‘pressures may ‘be due to ‘the' ‘Eollowing reason.‘At
lower pressures, the discharge is lesser and hence the presence
l'of negatively charged particle (electrons) becomes more. The |

presence of cusp field, since very effective in conflnlng

electrons at lower pressures, causes an increase in temperature;

Flg (7) shows that the plasma tempzrature decreases as the'g';fk>

:background neutral den81ty increases,

d) Confinement effects:

The curves:in Fig. (8) show an 1ncrease 1n den51ty.due toi:
"conflnlng field. Also the shape of curves at dlfferent dlschargeﬂ
voltage reveals that the conflnement of prlmary electrons from 7
‘the loss ‘through walls® is- reduced con31derab1y by even a small fti-

magnetic field at lower dlschargc voltagcs and hencc the

density curves tends to flatten with higher fields. On the



other hsnd,‘at higher discharge voltages ‘the steepenlng
continues throughout the region of operatlon (o to 6OO G) since
higher flelds are necessary‘to conflne energetlc eleotrons
',effectlvely. |

- The conflnement factor dropsldown w1th>1nereise 1n‘
”pressure (Fig. (9)) There can be two reasons. First is that
the plasma potentlal is more negatlve at lower pressures. The
ions see a potentlal well and so it dffers“an electrostatlc
~containment. Slnce ‘this’ sllghtly 'increases with B (as' shown in
sectlon 3(0) ‘the’ conflnement is. higher. Secondly, as discussed
in sectlon 3 (b) the fractlonal 1OH12atan goes- down Wlth
1ncrea81ng preSSure The presance of more. neutrals 1ncreases
‘”COlllSlOﬂS and conflnement by magnetlc field beécomes less
effectlve,AJ

e) Dens1tv profiles.

The den81ty measurements were made.'by a movable probe. The
Vax1al varlatlons of denSltYlS shown in Fig. (10) for the case of
14 amp fllament heatlng current at 4'x 1o~ =5 torr. Gradlents at
‘ends- are due to the locatlon of the fllaments. The fluctuatlon b
Areduces from 12 % to 4 % at a CuSp fleld of 600 G. The effect of
fleld 1n redu01ng the varlatlon 1s observed at a lower field
value also but to a lesser extent.

The fleld llnes go to a depth of slightly more. than 2 anm

nS1de the ehamber from 1nner walls (dia. 12.cm). The dens1ty

measurements made radlally at dlfferent conditions show that the.



7 den51ty remalns almost constant through out a cyllnder of & cm
dlameter, The denslty falls off. rapldly from r = 3 cm“to r ='5 cm.,

.'Thls 1S a reglon where most . of. the electrons are turned. back by

the cusp fleld llne ‘The cylinder of 977 cm2 corssectlon remains

‘ flle free and hence the plasma 1n81de qulescent The radlal

‘varlatlons at dlfferent values of B are shown in Flg. (ll) .he

overall n01se level of the plasma gets reduced.to less than 5 % in

the presence of cusp field.

- £) Turn—oniand.Afterqlon'meaeurements

Measurements were made at differentjpreSSuresAwith 12 amp
current-through filaments with pulsed discharge voltage of -
-75 volts. The typical growth and decay curves haVe~anzexponential
rise and fall. The turn-on and afterglow tﬁﬂes;at:differentl
.preSSureS and intensity of cusp magnetic field arenlléted'inlu
table (1). It is found 'that the cusp fieldlhaema;large poSltive
effect in confining the-plaSma. Decay times of 60—70/lsec”were
observed at ‘background dénsities of l 4 x lO12 cm 3; Thentable"
‘Shows that the characteristic times fall off with pressure _This
.can be due to the fact that collisions become more in the
gpresence of neutrals since the percentage”of ionlzation:is'less

and hence confinement less effective.

‘g)ﬂLife—time-measurementsa
It is observed that the plasma-potential goes considerably
negative at low pressures. The trend is Seen in the floating:

potential going from a few volts negative at 10~ % torr to about



-60V at 4 ) X lO =5 torr° It is ﬂlsO likely that a higher negative
potentlal must electrostatlcally confine ions in addition to any
magnetlc contalnment exlsts{ ThlS €Xplains the fact that confine-
ment becomes very effectlve at lower pressure, Also, this means
that the llfe time of an ion in the Steady state plasma might be
conslderably larger than the life-time measured in the afterglow.

To measure the life-time, the follow1ng mode was adopted.
‘The dlscharge was maintained at 14A current through fllament
at 50 V, The pressure and fleld 1nten81t1es were parameters of
.study. Over and above the d.c. discharge a pulsed discharge is
produced. The pulse width was sufficiently larger compared to
relaxation and growth tlmes. ThlS gives the falling of plasma
den81ty when dlscharge pulse falls to . =zero.

The llfe tlmes were measured in this manner ensured
.electrostatlc containment together with whatever magnetic con-
:W“tainment that.skists.‘Observed life times show these values to
'be greater than the after—glow life times. The life times at
different pressures and field in't‘en'sity are given in table 2.

The table shows the’ 1ncrease of llfetlme to 85/qsec at 4 x 10 -5

1
torr with cusp 1nten81ty of 600 gauSS. As observed in afterglow

measurements the- conflnement tlme decreases as pressure increases.

oo

L ”4';AION EX'I‘RAC’I‘ION

" At a pressure of lo_4 torr and discharge current 400 mA an

»ion ‘current of 250 mA was extracted at 1 KV. The operation at



higher pressure with a higher supply of discharge current will
enable to reach a few amperes'of ion current. This source
provides a quiescent plasma source from which a large area ion

‘beam with a low noise level can be extracted.
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Life-time measureménts

\ T (micro-seconds)
Pressure T
4 x 10‘5 torr 1o 60 75 85
- -5
8 x 10 8 40 50 65
1 x 1074 7 35 45 50
~4
2 x 10 5 28 35 40
W
3 x 10 4 20 25 35
-4
4 x 10 3 12 16 18

ATéble 2-

”
-

Life-time measurements
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