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The next generation of U. S. fusion experiments, 
which includes the TFTR, MFTF, and Doublet III, will 
all utilize the injection of highly energetic neutral, 
beams for plus ma heating. In this paper uc will tlla-
CUBS some of the requirements for the planum oourcon 
from which those beans will origlnaLc and we will dti-
cribe the operating choractorintlcs of the pi an ma uourco 
which has been developed for the Tokamnk FuMon Tent Reac­
tor (TITR) beam 11mm. 

Introduction 

Ti.e plasma source to be described was developed p r i ­
marily to meet the TFTR bean-line requirements. These 
Bourcos, of which there wil l be a total of twelve (three 
each for four beam lines) niRt operate with a pulse dura­
t ion of 0.5 sec and provide about 65 A of deuterium lone. 
These ions wi l l than be accelerated to 120 keV before 
being converted to neutrals by electron-capture c o l l i ­
sions. The consideration of the ion optica as well as 
the voltage holding capability of the ion-accelerator 
structure has determined that the extraction ion-current 
density for deuterium should be about 0.28 A/cm • The 
slot- type extractor geometry which wil l be employed hasa 
transparency of 0.6 and thus the source must illuminate 
an area of 400 cm • For TFTR, the source huB been de­
signed to provide the required ion-current density to 
a rectangular accelerator structure with dimensions of 
10- by 40-cm. 

The optica of the ion accelerating array are very 
sensitive to pla3m/t density, hence plasma density var­
iations either in positon or in time must be minimized 
throughout this very large area. 

Plasma Generator 

The plasma source, two views of which are shown in 
Ftg. 1, i s designed with a rectangular shape. This shape 
la particularly desirable when several such sources are 
used to inject into a common entrance aperture. Sources 
with this shape were f i rs t used on the Lawrencp Liver-
more Laboratory's 2XIIB experiment where six sources 
were used to inject into a single aperture. This shape 
allows a much more efficient use of the area available 
for sources by increasing the packing factor. This 
shape is also desirable when the entrance p'.rr through 
which the beams must pass i s rectangular in shape. This 
is of ten the case as aperture*, are generally .tore re­
str icted in one dimension by the position of o i l s or 
other machine structure, and in order to maxir^ze the 
entrance size, the port becomes rectangular. For example, 
the entrance apertures for the TFTR are about 40-cm 
wide and 60-cm high, and the sources will be mounted 
with the long dimension ver t ica l . For Doublet I I I , where 
the apertures are about 34-cm wide and 17-cm high, such 
sources would be mounted with the long dimension hor i ­
zontal. 

Two phntographs of the rectangular plasma 
generator. (External view above and internal 
view be low.) 

The plasma scarce ut i l izes a high-current, low 
voltage discharge, vith no externally applied magnetic 
f ie lds . The advantages of this type of discharge are 
that i t produces a dense and uniform plasma that is 
very quiescent and highly reproducible from pulse to 
pulse. The Bou-ce structure is relatively simple, rugged, 
and compact. 

Ina high-currert discharge the cathode is the most 
important design consideration, and in our sources, the 
cathode consists of an array of tungsten filaments. 
Although we have beer, able to emit about twice as much 
current as is used to '>eat the filament for pulse lengths 

*V.'ork done under the auspices of the United States Department of Energy. 
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of t e n s of m i l l i e e c o n d B , t h i s c o n d i t i o n i s i n t r i n s i c a l l y 
u n s t a b l e f o r iong p u l s e l e n g t h B . For p u l s e l e n g t h s of 
0 .5 s e c we t r y t o l i m i t t h e emiss ion c u r r e n t per f i l amen t 
t o abou t h/ilf t h e h e a t e r c u r r e n t . In g e n e r a l , the f i l a ­
ment w i l l cend t o c o o l f r o m emis s ion , an e f f e c t which can 
change t h e a r c ldpedan^e HB w e l l es t h e plasma d e n s i t y 
d u r i n g a p u l e e . t h u s , fo r p u l s e t i n e s which exceed t h e 
t h e r n t l c a p a c i t y of t h e f i l a m e n t , one rsjst reduce t h e 
enlBBion p e r f i l a m e n t in o r d e r to o b t a i n a plasma d e n s i t y 
which does no t change w i t h t i n e . In t h i s s o u r c e , 204 
h a i r p i n f i l a m e n t s , each 0.5-mm dlam, 10.5-cm o v e r a l l 
l e n g t h , and h e a t e d by 24 A dc a r e u s e d . The f i l a m e n t B 
a r c r e s i s t l v e l y hea t ed t o abou t 3100°K, and a r e pu l sed 
on f o r j u s t a few seconds p r i o r t o e s t a b l i s h i n g t h e 
d i s c h s r g e . Unl ike t h e "50-A" g e o m e t r y 3 where f l l amentB 
were l o c a t e d in n r e c t a n g u l a r a r r a y , t h e f i l a m e n t s a r e 
now p o s i t i o n e d in a row n e a r t h e two W O I I B of the long 
d i a s u s i o n o n l y . a s s een i n F i g . 1. The s i d e w a l l f l l a n c n t a 
have been removad in o r d e r t o i n c r e a o o the symmetry of 
t h e d i s c h a r g e . Thn p l a a n a d e n s i t y can bo e x p e c t e d t o 
f a i t off In t h e r e g i o n n e a r t h e s i d e w a l l s , And t h u s t h e 
s o u r c e i s cades l o n g e r (55 cm) than t h e l e n g t h of tho 
e x t r a c t i o n s t r u c t u r e (40 co)> In a d d i t i o n , the f i l a ­
ments a r e o r i o n t r d 90° t o t h o s o in t h e "50-A" u n i t . 
Th i s o r i e n t a t i o n l a shown i n F i g . 2 , which i s a c r o s s -
s e c t i o n a l drawing of t h e plasms s o u r c e . This a r rangement 
no t on ly a l l o w s t h e a d d i t i o n of more f i l a m e n t s pe r u n i t 
l e n g t h , bu t i t u t i l i z e s the. unavo idab le magnet ic f i e l d 
c r e a t e d by t h e dc h e s t e r c u n e n t In a SURMAC4 conf i g u -
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r a t i o n . The Bo leno ida l magnet ic f i e l d of about 60 C, 
which i s p r e s e n t i n t h e r e g i o n between t h e two l e g s 
of trie f i l a m e n t , 1B s u f f i c i e n t t o r e f l e c t incoming pr imary 
e l e c t r o n s . As shown in T i g . 2 , thfc n e g a t i v e leg of t h e 
f i l a m e n t fron. which most of t h e e l e c t r o n s a r e e m i t t e d , 
1 B on the i n s i d e or the s i d e n e a r e s t the p lasma. P r i o r 
t o t h e c o n s t r u c t i o n of t h i s l a r g e sou rce s t r u c t u r e , 
two s m a l l e r v e r s i o n s were c o n s t r u c t e d and t e s t e d ; one a 
14-co-diara round, and t h e o t h e r a L6-cm s q u a r e geometry . 

Three e l e c t r i c a l l y I s o l a t e d anodes a r e l o c a t e d on 
t h e w a l l o p p o s i t e the beam-forming e l e c t r o d e , aa shown 
in both F i g s . I and 2 . This l o c a t i o n was s e l e c t e d as 
i t e l i m i n a t e s t h i s w a l l a s a s o u r c e f o r a r c " s p o t t i n g " 
which p r e v i o u s l y had occur red on occnBions d u r i n g f a u l t s 
In the ion a c c e l e r a t o r s t r u c t u r e when thiB w a l l WOB e l e c ­
t r i c a l l y I s o l a t e d - These f a u l t s o f t e n r e s u l t i n a l a r g e 
number of backa t r eaming e l e c t r o n s which a r e capab le of 
d e p r e s s i n g the w a l l p o t e n t i a l n u f f i c i e n t l y n e g a t i v e t c 
cause u n i p o l a r a r c s . With tho e l e c t r o n ltnpingo.mcnt r e g i o n 
a t p o n l t l v o p o t e n t i a l , t h i s e f f e c t in e l i m i n a t e d ; however 
t o l n t o r c c p t t h e a c backBtrcamlng e l e c t r o n s , the anode 
s i z e aiuot be of app rox ima te ly t h e same dlmoiuilomi nn 
t h e a c c o l o r a t o r g r i d . Tho anodeo ore e l e c t r i c a l l y con • 
ncc ted to tho a r c power supply th rough decoup l ing r e u l u -
t o r a of a lew ni'i In n o r l c n w i t h each anode . 

Gas o n t e r s the ayntero through the c e n t e r of the 
anodes and I s c o n t r o l l e d by a Binglo pu l sed gon v a l v e . 
P r e s s u r e measurements made wi th a c a p a c i t a n c e manometer 
d u r i n g Bource o p e r a t i o n , i n d i c a t e d the s o u r c e p r cneu re 
t o be a b o u t 10 mTorr (1.33 Pa). Source p r e s s u r e m e a s ­
urements d u r i n g ion e x t r a c t i o n have not been made. 
During ion e x t r a c t i o n , t h e s o u r c e p r e s s u r e 1B reduced 
due t o t h e e f f e c t i v e pumping a c t i o n of the e x i t i n g ion 
beam. This r e d u c t i o n can r e B u l t In both a change l n 

a r c Impedance as w e l l ae a change in the plasma d e n s i t y . 
Checks have been madewhlch conf i rm t h a t w h i l e the o v e r a l l 
l e v e l of plasma d e n s i t y may change s l i g h t l y d u r i n g ion ex­
t r a c t i o n , the plasma denBi ty p r o f i l e remains u n a f f e c t e d . 

The f l o a t i n g p o t e n t i a l s of t h e r emain ing segments 
of t h e sou rce body were found t o f l o a t very nea r cat . .ode 
p o t e n t i a l , thus t h e s e e l emen t s could be e l e c t r i c a l l y c o n ­
n e c t e d t o the n e g a t i v e l e g of t h e a r c power s u p p l y . No 
a l t e r a t i o n in s o u r c e per formance r e s u l t e d from t h i s 
change ; b u t . In a d d i t i o n to a more s i m p l i f i e d sou rce 
c o n s t r u c t i o n , i t has s i z a b l y reduced the beam-forming 
s t r u c t u r e as a s o u r c e fo r u n i p o l a r s r e fo rmat ion which 
had o c c u r r e d d u r i n g g r i d s p a r k i n g when t h i s e l e c t r o d e 
WBB e l e c t r i c a l l y f l o a t i n g . 

In o r d e r t o de t e rmine t h e s a t u r a t e d - I o n - c u r r e n t 
d e n s i t y p r o f i l e th roughou t t h e very l a r g e ion e x i t r e g i o n , 
a Bpec i a l probe p l a t e was r e q u i r e d . This p l a t e i s mounted 
a t t h e p o s i t i o n of the beau- fo rming e l e c t r o d e d u r i n g 
s o u r t e t e s t s . The p l a t e , which i s shown in F i g . 3 , 
c o n t a i n s f i v e movable Lsngmuii p robes aa w e l l as a num­
ber of s l o t s which s i m u l a t e t h e gas conductance of t h e 

F i g u r e 2 . C r o s s - s e c t i o n a l d rawing of t h e plasma s o u r c e . F i g u r e 3 . TeBt probe p l a t e w i t h movable p r o b e s . 
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accelerator grids* With the use ^I this probing arrange­
ment i t wsc possible to get a rather cc tnplete map of the 
ion-current-density. Two !.ong ' Horizontal" probes, loca­
ted 6 cm apart or 3 cm eaci 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 cm froir. each 
of the side walls. Three "ver t ical" probes are used 
to ecan the proiili* in the narrow, or 10-cm (H-^iuion. 
These roovr; 7.!<:m from the source v i l ' s to a posit'.on 
tha^. i s 2.5 cm paat the center l ine. The proles sample 
the saturated-ion-current density immediately In front 
of che surface which is rerresentatlve of the beam-
farming electrode. 

PlotB of the 3aturated-ion-current density as read 
by a l l five of the movable probes are shown Jn Fig, 4. 
For perspective, the relat ive positions of the source 
wallc, the anodea and cathodes, as well :\B the position 
of the 10- by 40-cm Ion exit arr»v are Included. Figure 4 
nlflci contains a retouchud pnotogrnph of an or.cllloEicope 
trace Indicating the arc current nnd voltage wavefnrmn 
at the time the probe meaourements were made. The nrc 
operating condii'ono wore: arc voltage - 40 V, nrc 
current - 2000 A, gun flow rate •• 16 Torr-l/noc, and 
pulse length - 0.5 BOC. A second photograph shown the out­
put waveform oE each of the three vertical proben.wlth 
each located at tho fl-cm posltlo-i. Doth photographs are 
of five succoBBlve 0.5-soc aho'.n overlaid on a morale 
type OBcllloecope, and they serve to demoniit rate the 
nhot-to-shot reproducibility of the source operntion. 
The 60-Hr ripple on the current and probe waveforms 
Is the result of Insufficient f i l ter ing In the test 
power supply. As can be seen, at the saturated-ion-
current density of 0.29? A/cm2, the profile is .t 
to + 5% throughout the entire 10-by 40-cm ion extraction 
region. The data for Fig- 4 were taken with the source 
operating with deuterium gas. Operation with hydrogen 

is similar, except that for the same l'.-vel of arc current 
we obtain approxitsately 1.25 times ::he saturated-ion-
current density. 

With the large heater and arc currents employed by 
the source, care must be taken with the wires to and 
from the associated power supplies. Th& use of just 
a few wires will t c u l t in a zuizznl tlow within the arc 
body which can In turn generate magnetic fields that are 
detrinental to the plasraa-denBity profi le . Thus, mul-
tlplt-, close-coupled leads are used to dis t r ibute the 
currants. This plural i ty of leadB is shown in Fig. 5, 
whijh is a photograph of the plasma acurce mounted on 
the test stand. 

Bias magnetic f ie lds , part icularly those passing 
.ixially through tho source must be avoided ks the 
physical size of sources becomes larger, rather low loveln 
of oxtrancouo magneti- fields are capable of altering 
the trajectory of tho energetic electrons within the 
Hource. Magnetic fields sufficiently high to result in 
an olortrnn Inrmor rod inn equal to nbout one half the 
nnurce internal width, will result in nn ordering of 
tho (ii • current nur'i thnt thin ordered current In turn 
can renult in a magnetic field that is In phase with 
the blmi field thai produced i t . For externally applied 
magnetic field" of 10-C or Ions, It Is the plasma den­
sity profile which is affected. Above that ILVRI, the 
arc impedance If a f f c l ed along with the Introduction 
of noi'ie oi "haiih". 

Tlie largi? rectangular plasma source has been mâ ed 
with a , 0 - by 41-cm Ion accelerator structure (described 
elsewhere at this conference, Refs. 6, 7) mounted on tht 
test stand, and is being mae'e ready for full-scale testing 
of thentut ra l beam .system (seeRef. 8) . 
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Figure 4. lon-current-denstty profile for the 10- by 40-cm rectangular p.'.asma soiree. Also shown 
are oscilloscope traces of arc current and voltage and the saturated-ion-current wave­
forms of the three "vert ical" probes. 



F i g u r e S. 1 0 - Sy 40-cm r a c t a n g u l n r plasma sou rce mounted 
on t e a t ntand* 
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