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RECTANGULARLY SHAPED LARGF AREA PLASMA SOURCE*
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The next generation of VU. S. fusion cxperiments,
which includes the TFTR, MFTF, and Doublet 111, will
all utilize the f{njectfon of highly cnergetic neutral
beams for plasma hecating, In thia paper we will dio-
cuss some of the requirements f{or the planmn sourcen
from which thesc boams will originate and we will den-
ciibe the operating charactorintice of the planmn bource
which has been developed for the Tokamak Furfon Test Reac-
tor (TFTR) beam linem.

Incroductivn

Ti.e plasma source to be described was developed pri-
marily to meet the TFIR beam-line requirements. These
sources, of which there will be a total of twelve (three
each for four beam lines) runt operate with a pulse dura-
tion of 0.5 sec aud provide about 654 of deuteriumions.
These ions will then be accelersted to 120 keV before
being converted to neutrels by electron-capture colli-
sions. The consideration of the fon uptics ap weil as
the voltage holding capability of the lon-accelerator
structure has determined that the extraction Zon-current
deneity for deuterium should be about 0.28 Afcm®." The
slot~type extractor geometry whichwill ke employed has a
transparency of 0,6and thus the source must illuminate
an srea of 400 cmf. For TFTR, the source hus been de-
signed to provide the required ion-current density to
a rectangular ancelerator structure with dimensions of
10~ by 40-cm.

The opcfcs of the ion accelerating array are very
seneitive to pla3ma densfty, hence plasma density var-
lations either in positon or in time must be minimized
throughout this very large arca.

Piasma Gencrator

The plasma source, two views of which are shown in
Fig. 1, is designed vith a rectangular shape. This shape
is particularly desirable when several such sources are
used to Inject into & common entrance aperture. Sources
with this shape were first used on the Lawrence Liver-
more Leboratory's 2XIIB experiment where gix aources
wereused to inject into a single aperturc.” Thia shepe
allows a much more eSficfeut use of the area availadle
for sourcea by increassing the paicking factor. Thia
shape 18 also deairahle when the entrance pnrt through
which tne beams must pass is rectangular in ahape. This
is often the case as aperturesr are generdlly more re-
stricted in one dimension by the position of c>1s or
other machine structure, and in order to maxirdee the
nntrance size, the port hecomes rectangular. For example,
the entrance apertures for the TFTR are about 40-cm
wide and B80—cm high, and thLe sources will be mounted
with the long dimension verctical., For Doublet I1I, where
the apertures are about 34-cm wide and 17-cm high, such
sources would be mounted with the long dimensfon hori-
zontal.
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Figure 1. Two phoctographs of the rectangular plasma
generator. {(External view above and internal
view below.)

The plaama 8ource utilizes a high-current, low

voltage discharge, vith no externally applied magnetic
fields. The advantages of this type of discharge are
that it produces a dense and uniform plasma that 1is
very quiescent and highly reproducible from pulse to
pulse. The souvce Btructure ia relat{vely s{mple, rugged,
and compact.

Ina high—currert discharge the cathode is the most
impcrtant deeign consideratinn, and in our sources, the
cathode conaiste of an array of tungaten f£ilaments.
Although we have been able to emit about twice as much
curtrent 88 {6 used toheat the filsment for pulse lengtha
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of teas of mllliseconds, this condition is intrinsicsally
unstable for long pulse lengths. For pulse lengths of
0.5 8ec ve try to lirit the emission current per filsment
to about hilf the heater current. In general, the f1la-
ment will cend to cool Erem emission, an effect which can
change the arc igpedance #p well 26 the plasma demsity
during a pulee. Thus, for pulse tipes which excced the
therral cupacity of the filament, one rwst reduce the
amission per £ilament in order to obtaln a plasma density
which Aors not chasge with time. In this source, 204
hairpin filaments, each 0.5-mm diam, 10.5-cm overall
length, and heated by 24 A dc are used. The filaments
are vesistively heated to about 3100°K, and are pulsecd
on for just a few eeconds prior to eatablishing the
discharge. Unlike the “50-A" geometry” where filaments
wvere located in a rectangular array, the filaments are
now positioned in a row near the two walle of the long
dimeasiononly, as seen in Fig. 1. The side wall filamenta
have been removed in order to increasc the aymmotry of
the discharge. Thn plasma density can bo expected to
falt off in the region nesr the side walls, and thus the
source is made longer {55 cm) than the longth of the
extraction structure (40 cm). In addition, the fila-
menta are orionted 90° to those in the "50-A" unit.
This orientation i¢ shown in Fig. 2, which Ls a crose~
sectional draving of the plagma gourca. This arrangemont
not only allowe the addition of more filaments per unit
length, but 1t utilizes the unavoidable mignetic field
created by the dc heater curient in a SURMAC™ conffgu-
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Figure 2. Cross-sectional drawing of the plasma source.

ration. The solenoidsl magnetic fleld of ubout 60 G,
which 4s present in tha region betueen the tuo fegs
of tne filament, is sufficlent to reflect {incoming primary
electrons. As shown in Fig. 2, the negative leg of the
f1lament from wnich most of the electrons are emitted,
ie on the inside or the side nearest the plasma. Prior
to the conatruction of this large source structure,
two amaller versions were conatructed and tested; one g
l4é~cm~diam round, and the other s l6-cmsquare geometry.

Three electriczally isolated anodes are located om
the wall opposite the beam-forming electrode, as shown
inboch Fige. 1| and 2. This location was selected as
it eliminates this wall aa a source for arc "apotting”
which previously had ozcurred on occasions during faults
in the 1on accelerator structure when this wallwas elec-
trically feolated- These faults often result in a large
number of backstreaming clectrons which are cepable of
deprensing the wall putential rufficiently uegative tc
causc unipolar arcs. With the electron impingement region
at positive potential, this effect in eliminated; however
to {ntarcept these backotreaming electrons, the anode
aire muat be of approximitely the pame dimennions no
the accolerator grid. The anodes are olectricully con -
nectad to the arc power supply through docoupling renls-
tors of a fow nu in pories with each ancde.

Gaa enters the aystem through the center of the
anoden and 1o controlled by n single pulaed goan valve,
Pressure measurementn made with a capacitance manometer
during source opcrution, indicnted the gource pressure
to be about 10 mTorr (1.33 Pa). Source pressure meas-—
urements during ion extraction have not been made.
During fon extraction, the source preesure is reduccd
due to the nffective pumping action of the exiting ion
beam. This reduction cen result in both a change tn
arc impedance as well as a change In the plasma densfty.
Checks have been made which confirm that while the overall
level of plaswma density may change alightly during fon ex-
traction, the plasma denaity profile remains unaffected.

The floating potentials of the remsining segments
of the source body were found tnfloat very near cat.ode
potential, thua these elements could he electrically con-
nected to the negative leg of the arc pover supply. Mo
alteration in source performance resuited from thig
chenge; but, in sddition to a more simplified source
construction, it has sizably reduced the benmtorming
Structure ag a source for unipolar arc formation which
had occurred during grid sparking when this electrode
vas electrically floating.

In order to determine the saturated-ion-:urrent
deneity profile throughout the very large ion exit region,
a spacial probe plate was required. Thia plate is mounted
ot the positifon of the beaw-forming electrode during
source tests, The plate, which 1a shown in Fig. 3,
contains five wmovable Langmuir prohes aa well as a num~
ber of alots which simulate the gas conductance of the

Test probe plate with wmovable probea.

Figure 3.
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accelerator grids. With the use zr this probing arrange-
ment it wac possiile to get a rather ccmplete wmap of the
ion—current-density. Two long 'uorizontal" probes, loca-
ted 6 em apart or 3 cm each side of center, are used to
acan the profile in the long, or 40-cm dimension. These
probes can be¢ moved in a distance of 42 em from each
of the side wnlls. Three "vertical" probes are used
te scan the proifle in the narrow, or 10-cm dimcusion.
These movr: 7.% :m from the source malls (o a wosit .on
that 18 2.5 cm paat the ce.ter line. The prol«s sample
the saturated-ion-current dencity immediately in frent
of che surface which 1s representative of the beam
farming electrode.

Plots of the saturated-ion-current density as read
by all five of the movable probes are shown in Fig. 4.
For perspective, the relative positicns of the aocurce
walle, the anodes and cathodes, as well as the position
of the 10-by 40-cm fon exit arrsv are included. Figure 4
also containe a retouched pnotogroaph of an oncilloncope
trace indicating the arc current and voltage waveforms
at the time tha probe meanurements vere made. The arc
operating condiiions werc: arc wolLage - 4D V, arc
current - 2000 A, gun flow rate - 16 Torr-t/Aec, and
pulee length = 0.5 sac. A accond phatograph ahows the out~
put waveform of each of the three verticol proben, with
ezach locatad at the f-cin position. Both pheotographs are
of five successive 0.5=scc shotn overlafd on a ntorage
type oscilloscope, and they serve to demonatrate the
nhot~to-ghot reproducibility of the mource operatlon.
The 60-He ripple on the current and probe waveforms
1s the result of dinsuffirfent filtering {n the test
power supply. As can be aeen, at the saturated-ion-
current density of 0.29% A/cm2 the pretile 18 .t
to + 5% chroughout the entire 10-by 40-cm fon extraction
tegion. Thednta for Fig. 4 were taken with the source
operacing with deuterfum gas. Operation with hydrogen

is similar, except that for the same lr:vel of arc current
we obtain approximately 1.25 times “he saturated-ion-
current density.

With the large heater and arc currents employed by
the source, care mst be taken with the wires to and
from the nssocisted power supplies. Thz use of just
g few wires will result in & cucrent zlow within the arc
body which can in turn generate magnetic fields that are
detritiental to the plasma-density profile. Thus, ml-
tigle, close~coupled leadn are us«d to distribute the
currznta. Thie plurality of leads is shown {n Fig. 5,
whi:h s a photograph of the plasms scurce mounted on
the test stand.

Bias magnetic fields, particularly those passing
axially through the source mat be avoided 43 the
phys{cal gize of sources becomen larger, rather low lovela
of extrancoun magncti. fieclds are capable of altering
the trajectory of the energetic electrons within the
nource. Magnetic fieldn oufficiently high to resull in
an electron larmor radiun equal to about one half the
anpurce internnl width, will reault 1n an ordering of
the a1 current puc's thnt this ordered current {n turn
can result in o magnetic ficld that {s in phaae with
the bian field that produced 1t. For externally applied
magnetic (felds of 10-G or less, it in the plosma den-
ity proftle vhich fs affected. Above that level, the
arc impedance {# afferted along with the introduction
of naise or “hash®.

The large rectangular plasma source has been mated
with a !0~ by 40-cmion accelerator etructure (described
elaewhere at this conference, Refs. 6, 7) mounted an the
test stand, and {2 heing made ready for full-scale testing
of thencutral beawsystem (seeRef. 8).
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Figure 4. Ion-current-density profile for the 10~ by 40-cm rectangular p.asma soivrce.

are oscilloscope traces of arc current and voltage and the satursted-fon-current wave-

forms of the three "vertical" probes.



Figure 5. 10~%y 40-cmrectangular plasma source mountod
on test stand.
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