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Abstract 

We are testing operation and H- yield of a 
sheet pla.sma source having a narrow primary electron 
channel (llcm high, Jacm long, and <lcm wide). The 
design goal was JH- ~ JO mA/cm2 at Varc=lOOV, 
Iarc~200A, B<200g, and Pg=5mT. This is similar 
in geometry and operational parameters to the plasma 
reported by Uramoto. l Conditions outside the 
sheet a~e favorable for H- production; at Pg=lOmT 
(cold flll B sccm), Varc =75V, Iarc=125A, and 
B=200 G, lcm from the sheet edge~ JT~JBO mA/cm2, 
Te=1.4 eV, and ne=5'1012 /cmJ , determined 
from Langmuir probe measurements. The movable nega
tive ion extractor has a circular source aperture of 
area lcm2. JH- is measured calorimetrically as 
well as electrically. Agreement of these two signals 
confirms the effecti,veness of the carbon electron 
dump. Initial extraction at the above conditions 
produced JH- =7 mA/cm2 at 2cm from the sheet 
edge. This current density is far below the design 
goals as well as below that reported by Uramoto. We 
conclude that the sheet geometry is not primarily 
responsible for the high yield of JH- in Uramoto's 
sourcel. Continuing experimentation will be direc
ted towards isolating the effects of the differences 
between our source and Uramoto's, specifically, his 
use of LaB6 cathode, hollow cathode, gre,1ter gas 
flow, wall material I condition, and a different sheet 
formation mechanism. 

Introduction 

Large area 0- sources are needed for neutral 
beam heating systems in future magnetic confinement 
experiments. A sheet plasma source has been construc
ted. Testing of it's ability to illuminate a large 
area with a steady, uniform flux of Wand 0- has 
been initiated. Preliminary results are reported 
that indicate a smaller H or 0- output than an
ticipated. Experimental investigations are reported 
which suggest a possible explanation. The apparatus 
and results are compared with those reported by J. 
Uramoto, 1 and with filtered magnetic bucket ex
perience. 2 

Experimental Arrangement 

The electron channel (typically 0.7cm x 12cm x 
Jacm) was produced in a predominantly uniform magne
tic field (B-50 - 200G). The length of the sheet 
(Jacm), parallel to tt, was determined by the location 
of the end-plates of the 20cm diameter chamber. The 
height of the sheet was controlled by the location of 
the electron emission material (tungsten for the data 
reported here). Electron access to the anode was 
sufficient to maintain quiescent operation. Two cup 
probes (for good ion saturation) of area 0.0507 cm2 
monitored the plasma profile perpendi'cular to the 
sheet electron flow: one in the direction of the beam, 
but opposite (upstream) from the accelerator (Fi!l-l); 
the other in the vertical direction (normal to £r and 
to the accelerator) at a centra 1 1 ocat i on 2cm down·
stream from the sheet's .mid-plane. 

The downstream profile (away from the sheet) of 
extracted H- or 0- flux was measured with a 
centrally located, one gap accelerator that could be 

positioned anywhere between a and B cm from the 
sheet's mid-plane. Negatively charged particles were 
accelerated perpendicularly to the magnetic field of 
the source. The resulting mass separation permitted 
simultaneous electrical measurement of the accelera
ted ions and electrons. The ion flux was also simul
taneously measured calorimetrically at the beam dump, 
which could be independently moved relative to the 
electron dump. Both aspects were used to ensure that 
the ion signal was neither inflated by electrons, nor 
underestimated due to poor ion optics. The graphite 
electron dump (entire second electrode) minimized the 
reflection of electrons into the ion beam dump. 

Most elements of the plasma chamber were insula
ted from thei r nei ghbors: 2 cathodes, 6 anodes, 2 
probes and the beam-forming-electrode. This permit
ted a fairly detailed picture of the arc current 
emission and collection pattern. It also allowed the 
collection of V-I characteristics for various elec
trodes. 

The net pumping speed of the arc chamber's gas 
exit could be throttled from 5 l/sec to 150 l/sec in 
order to measure the dependence of H- and e
fluxes upon gas flow rate, and hence, upon wall re
cycling. The operating pressure (measured with a 
barotron) was restricted to either 2, 5, or 10 mTorr, 
with most data collected at 5 mTorr. The arc voltage 
(Varc ) could be varied from 40 to 100 V, with most 
data collected at 75 V. The arc current (I art ) 
could be varied from 0 to 200 A, but rarely was 
operated beyond the H or 0- maximum. The 
available accelvoltage is 20 kV, but was usually 
held near the value where the beam optics were g60d 
at the maximum H- or 0-. 

~xperimental Observations 

The ion density (n+-5 x 1012/cm3) within 
the sheet was relatively high compared to previous 
magnetic bucket experience at this pressure (5 mTorr) 
and arc power (I arc-40A and VarC75V). As a 
result, cathode temperature control problems were en
countered at high arc power, where ion bombardment 
dominated the cathode heating. The ion density out
side of the hot electron sheet decreased rapidly with 
distance, falling most rapidly at higher pressure 
(Fig .. 2). The electron temperature (Te) (Fig. J) 
also decreased with distance from the sheet, but was 
not monotonic at higher currents and lower pressure. 
Whenever the H- signal saturated with increasing 
arc power (Fig.4), Te always exceeded 2eV within 
the first few mm beyond the sheet edge. Higher pres
sure always reduced the electron temperature. 

At low arc power, the H- current increased 
linearly with arc current. The slope increased 
slowly with arc voltage, but was independent of 
neutral density. With sufficient Iarc , the H-
current saturated. Higher pressure yielded higher 
saturation values. 

As the accelerator was moved away from the sheet, 
H- initially increased and e- decreased rapidly 
(Fig. 5). A local H- maximum was observed coinci
dent with a local e- minimum at -2cm from the 
sheet edge. At larger distances, H- decreased, 

*This work was supported by the U.S. Oepartment of Energy under Contract # OE7ACOJ-76SF00098. 
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eventually followed by the electrons. The 0- maxi
mum (40-50%. lower than the H- current) was located 
further f rom the sheet (-3 cm) under the same op
erating conditions. The location of the optimum was 
only weakly dependent on the magnetic field strength. 

No H- dependence upon gas flow rate (3 to 60 
sccm) was observed, provided that the plasma chamber 
gas exit impedence was adjusted to maintain a constant 
source pressure with the arc on. 

Doubling the sheet width at constant current, 
pressure', and. accel voltage yielded a 40% increase in 
the maximum acceler,ated H- current. Ooubling the 
area of hot tungsten decreased the H- by 10% 

Making nearby surfaces negative (up to 40 V) had 
only a small effect upon either H- or e- cur
rents; rega.rdless of surface size, orientation 
relative to the magnetic field, or location relative 
to the accelerator. Positive potentials always re
duced the electrons (and sometimes increased the He
current) . The strength of the 'effect depended upon 
the magnetic field strength and upon the location, 
orientation, size, and potential of the electrode. 

Oiscussion 

A comparison with Uramoto's sheet plasma is sum
marized in Table 1. Several differences are note
worthy: 1) Our best H- current density is 3 to 4 
times smaller than his; 2) Our variation with low 
larc is linear, while his shows quadratic charac
~er; 3) Our H- current saturates at high power, his 
maintains its quadratic nature; 4) Our positive ion 
density shows a gradual decrease outside the sheet, 
whll e he observes a plateau; 5) Our H- opt imum is 
observed at 2 to 3 cm from the sheet, while he re
ports 8 to 15 cm; 6) Although the sheet dimensions 
are similar, the shee.t formation is very different; 
7) Our H- current decreases with decreasing pres
sure, while his appears to increase. We conclude that 
the encouraging results achieved by Uramoto are pro
bably not due to the electron sheet alone. We specu
late that the sheet formation mechanism and/or the 
use of a plasma cathode (both absent in the present 
experiments) may be the cause of his successes. 

The similarity to previous filtered bucket opera
tion is striking. Similar parametric dependences 
exist, but our saturation occurs at lower arc power 
and at a lower yield. This suggests that some price 
has been paid by narrowing (intenSifying) the electron 
channel. This conjecture is supported by the sheet 
width experiment, where a wider sheet yielded more 
H- current for the same arc power. The probe pro
fi les at larc above H- saturation all show a 
narrow region of high density and temperature (>2eV). 
Hence, we currently suspect that the degradation from 
previous bucket results has been caused by the higher 
edge temperature, possibly aggravated by the longer 
electron collect ion length and/or the hi gher primary 
electron density, and/or the higher sheet density. 

The sheet plasma sti 11 holds great promise. It 
provides a simple geometry in which to study H- or 
0- creation and transport. It also is expected to 
provide a uniform 0- illumination of large multi
hole accelerators for future fusion heating applica
tions. Efforts will be made to improve the output 
intensity, including a test of Uramoto's sheet forma
tion method. 
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Table 1. Comparison with Uramoto's sheet. 

Variable 

larc 

Arc 
Dependence 

Varc (max) 

B field 

J(H-) Absolute 
max observed 

Optimum position 
for extraction 

Hot e- region 
Dimensions 

Electron source 

Sheet formation 

LBL Uramoto 
Sheet Sheet 
Plasma Plasma 

0-130 A 0-200 A 

Linear with quadratic 
a saturation character 

75(110) V -80-120 

50-200 G 60-100 G 

7 mAlcm2 - 24 mA/cm2 

2-3 cm - 15 cm 

0.7 x 12 x 30 cm - 1 x 20 x 50 cm 

Hot tungsten LaB6 in a dual 
plasmatron 
arrangement 

Extended cathode Transformation 
of round plasma 
beam into a rec
tangular sheet 

Accelerator 1 Gap 2 Gap 

Hole size Round, l' cm2 Round, 0.28 cm2 

Variations with Increasing or Dec reas i ng 
pressure in- invariant 
crease at con-
stant arc current 
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Fig. 1 Diagnostic Geometry. Probe is roughly 4x 
scale. Accelerator is roughly O.6x scale. 
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