Abstract

Injection units for PLT, Doublet III and
ORMAK II will require total single pulse
energies well in excess of those of existing
njection systems. The energy handling capa-
‘bility of the extraction system will be a
ritical element around which injection unit
esign decisions must be made. The final
“design goal for these units is 50A, 50 keV,
‘and 2 sec pulses.

, The basic ORMAK injection unit was oper-
‘ated at 40 keV, 6A, 0.3 sec and a 15% duty
:cycle, while monitoring power loading to the
‘various extraction system electrodes, in
‘order to pinpoint the critical power loading
“areas. A 40R scaleup of this ORMAK unit is
-being buiit.

: Thermal time constants for these water-
cccoied extraction electrodes are about 0.5

‘sec. Going from 0.3 to 2 sec will therefore
increase the power loading. An increase in

‘beam energy above 40 keV will also increase
‘the loading. ORMAK unit data indicate that
:the ground electrode and the plasma-forming

‘electrode have relatively nigh power loadings.

‘For the 40 keV, 6A operation these were 400
‘watts per cm® of Cu extraction surface and
200 watts per cm? respectively. The extrac-
“tion electrode loading was relatively small,
40 watts per cm?.

: These Toadings and their variation with
‘system parameters indicate that the ground
‘electrode loading is due to direct inter-
‘ception, extraction electrode Toading is due
“to ions formed by beam-gas interactions in
 the gap, and plasma-electrode lcading is due
principally to secondary electrons from the
extraction electrode. Ground electrode
iYoadings will be reduced as a result of
tudies including single beamlet optics,
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Introduction

Neutral injection heating units for PLT,
Doublet II1 and ORMAK II will require single
pulse energies well in excess of those of
existing injection systems. Initial gozls for
a PLT unit, for example, are an ion beam of
40A, 40 keV and 0.3 sec, while the initial
goals for an ORMAK II unit are an ion beam of
B0A, 90 kV and 2 sec. Existing injection sys-
tems, used on ORMAK, operate routinely at
25-40 kV, 6A, 100 msec and a 10% duty cycle.?
One of these units has been operated at 40 keV,
6A. 300 msec and a 15% duty cycle.

i Meeting the PLT goal then involves get-
ting from 6A to 40A and will be done by a size
scaleup. As a first step, the 6A source was
scaled up from a 7 cm diam extraction system
to a 10 em diam extraction system.? This unit
has been operating on a test stand at 25-35
kV, 8-T0A, 100 msec and a 10% duty cycle.
Further scaleups in size are planned.

) The 0.3 sec and 15% duty cycle capabili-
ties were the result of two design philoso-
phies: energy efficiency in the source and
water cooled extraction systems. Meeting the
ORMAK II goal involves getting from 0.3 sec to
2 sec as well as current increases. Getting
to 2 sec requires that the energy handling
capability of the extraction system be the
critical element around which design decisions
must be made.

Extraction System Design

The accel-decel extraction system for the
6A ORMAK unit consists of three, 1.6 mm thick,
7 cm diam, copper disks. Each has 209 holes
of 3.8 mm diameter which are carefully aligned
for beam extraction. The hole patiern is
split into 3 sections by twc water lines.
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Abstract

Injection units for PLT, Doublet III and
DRMAK 11 will require total single pulse
pnergies well in excess of those of existing
Injection systems. The energy handling capa-
hility of the extraction system will be a
ritical element around which injection unit
jesign decisions must be made. The final
Jesign goal for these units is 50A, 50 keV,
ind 2 sec pulses.

The basic ORMAK injection unit was oper-
ited at 40 keV, 6A, 0.3 sec and a 15% duty
ycle, while monitoring power loading to the
jarious extraction system electrodes, in
yrder to pinpoint the critical power loading
reas. A 40A scaleup of this ORMAK unit is
eing buiit.

g Thermal time constants for these water-
00led extraction electrodes are about 0.5
iec. Going from 0.3 to 2 sec will therefore
Increase the power loading. An increase in
yeam energy above 40 keV will also increase
he loading. ORMAK unit data indicate that
he ground electrode and the plasma-forming

Jectrode have relatively high power loadings.

or the 40 keV, 6A operation these were 400
fatts per cm® of Cu extraction surface and

00 watis per cm® respectively. The extrac-
fon electrode loading was relatively small,

0 watts per cm?.

| These loadings and their variation with
ystem parameters indicate that the ground
lectrode loading is due to direct inter-
eption, extraction electrode Toading is due
0 ions formed by beam-gas interactions in
he gap, and plasma-electrode loading is due
rincipally to secondary electrons from the
\xtraction electrode. Ground electrode
joadings will be reduced as a result of
ctudies including single heamlet optics,
xlectrodc thickness and gap variations, hole
ize and shape variations, and possible cur-
sent density reductions. Plasma-electrode
loadings will be reduced as a result of
tudies including electrode material and
oating variations, and possible reductions
h current density and gap pressure.

‘Operated by Union Carbide Corp. for USAEC.

NOTICE
{ This feport was prepured as an a w
I sponsored by the United States Government. Neither
i the United Slates not the United States Atomic Energy
I Comnmisston, nor any af their employees, nor any of
I their vontractors, subcontractors, or thesr employees,
makes 3ny Wicranty, express ot implied, or assumes any
legal liahility or responsibility for the accuracy, come-
pleteness or usefulness of any information, app:_:ralus,
product of prucess disclosed, or repre-ents that its use
would not infringe privately owned rights.
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Introduction

Neutral injection heating units for PLT,
Doublet IIT and ORMAK II will require single
pulse energies well in excess of those of
existing injection systems. Initial goals for
a PLT unit, for example, are an ion beam of
40A, 40 keV and 0.3 sec, while the initial
goals for an ORMAK II unit are an ion beam of
50A, 50 kV and 2 sec. Existing injection sys-
tems, used on ORMAK, operate routinely at
25-40 kv, 6A, 100 msec and a 10% duty cycle.?!
One of these units has been operated at 40 keV,
6A, 300 msec and a 15% duty cycle.

Meeting the PLT goal then involves get-
ting from 6A to 40A and will be done by a size
scaleup. As a first step, the 6A source was
scaled up from a 7 cm diam extraction systen
to a 10 cm diam extraction system.? This unit
has been operating on a test stand at 25-35
kV, 8-1T0A, 100 msec and a 10% duty cycle.
Further scaleups in size are planned.

The 0.3 sec and 15% duty cycle capabili-
ties were the result of two design philoso-
phies: energy efficiency in the source and
water cooled extracticn systems. Meeting the
ORMAK II goal involves getting from 0.3 sec to
2 sec as well as current increases. Getting
to 2 sec requires that the energy handling
caga@i]ity of the extraction system be the
critical element around which design decisions
must be made.

Extraction System Design

The accel-decel extraction system for the
6A ORMAK unit consists of three, 1.6 mm thick,
7 cm diam, copper disks. Each has 209 holes
of 3.8 mm diameter which are cavefully aligned
for beam extraction. The hole pattern is
split into 3 sections by two water lines.
Additional water lines go around the periphery
of each electrode. Figure 1 is a view of the
3rd or ground electrode from the beam side of
the extraction system.

Ground Electrode Loading

Figure 2 shows the calorimetrically
measured power loading of the various elec-
trodes, and also total extracted power and ion
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Fig. 2. Grid Loading, Extracted Beam and
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beam power delivered through a simulated ORMAK
‘beam 1ine, as a function of extracted current
-at 40 kY, 0.3 sec and a 15% duty cycle. The
.ground electrode rece1ves the most ]oad1ng,

‘G kW or 400 watts per cm?, and this is due to
direct interception. It is expected that this
‘loading will be reduced by studying single
beamlet optics, both experimentally and with

computer simulation. Electrode -thickness and
gap variations and hole size and shape vari-
ations are planned. It shouid be noted that
aperture displacement beam focusing, such as
used with the ORMAK units,! can increase
direct interception by the ground electrode.
Consideration of the converging beamlet tra-
jectories and placement of the individual
ground electrode holes accordingly was found
to reduce ground electrode loading by a factor
of two.

Loading of Plasma Forming and Extraction
Electrodes

Plasma- form1ng electrode loading, at 200
watts per cm?, is composed of zbout 25% load-
ing from the plasma and about 75% loading due
to the presence of the beam. The latter comes
from beam-gas interactions in the extraction
gap. Extracted ions ionize and charge- exchange
with the background gas, creating cold ions
and electrons in the gap. The electrons are
accelerated back towards the source and some
fraction of them are intercepted by the plasma
electrode causing power loading. The ions
are accelerated towards the extraction elec-
trode and some fraction of them are inter-
cepted, causing the 40 watts per cm® loading
indicated in Fig. 2 and also generating
secondary electrons. These secondaries are
accelerated back towards the source where
about one-third are intercepted and cause the
remainder of the beam-generated loading of
this electrode.

This model predicts a loading of the plasma
electrode due to the beam which is:

=C(y+0.5)Vizop

where vy is the secondary emission coefficient
for the extraction electrode and is averaged
over the incident icon energies, V is the po-
tential difference of the extraction gap, J

is the extracted beam current density, z is
the extraction gap length, & is the sum of the
jonization and charge exchange cross sections
averaged over the ion energies of the gap, ¢
is the background gas density and C is a
geometry factor, < 1, to account for the frac-
tions of ions and electrons which pass through
the apertures without striking the electrodes.

This Toading can then be reduced by de-
creasing ¥. Electrode materials other than
copper or electrode coatings should change
¥, but 1ittle data are available for V > 20
keV. Comparing the plasma electrode loading
with the extraction alectrode Toading for the
copper electrodes of Fig. 2 indicates ¥~ 3
for V = 40 keV. A tungsten coating on the
extraction electrode was found to affect the
loading very little. The available data




& suggest that Y for tungsten is not very dif-

. ferent from that of copper. A gold coating

5 was tried and initial indications were that

- the plasma electrode Toadings were reduced.

v It was found that these coatings had a short
 Tlifetime in that they quickly became coated

. with copper from the source and the rest of

" the extraction system. In future experiments,
: coatings will need to be applied to all metal
- surfaces which can supply sputtered atoms.

: Secondary emission loading can possibly
- alse be reduced by using suppression e]ec-
trodes such as those of Hamilton, et al.

This will be studied with computer simulation
and with single-aperture experiments.

g Looking at other factors in the power
- loading of Eq. 1, it :an be seen that both V

. and z can be reduced by splitting the acceler-
' ation up into stages. Combining Eq. 1 with

" the Child~Langmuir law gives:

—

- where N is the number of acceleration stages .

- Increasing the number of stages then effec-

. tively divides the power loading up among the

- stages. This gain may be offset by the in-

- creased complexity of the system and by detri-

- mental effects such as poorer optics and in-

. creased direct interception. Multi-stage

. systems may be useful for > 50 kV systems and

- will be studied experimentally with single
aperture and full systems and with computer
simulation.

The power loading of Eq. 1 also varies
with j. We have found with our duoPIGatron
" jon sources that the cold gas flux from the
~ source, and therefore p is approximately
proportional to j.2 Combining this with the
Child-Langmuir Taw then gives:

- indicating that P can be reduced by decreas-
~ing j, while keeping the total current up by
" going to larger area ion sources. This is

" made feasible by the success of displaced

- aperture focusing.

: The direct dependence of P on p can be
sxploited by some combination of pumping on

- the extraction system, separat1ng the scurce

- and the gas cell, or pumping on the duoPlIGa-

- tron source in the region next to the extrac-

. tion system. Source pumping is being done

¥ and appears to have additional advantages.?

It may be possible to affect the geome-
- try constant C of Eq. 1. This means somehow
making larger fractions of the gap-generated
" jons and electrons pass through the apertures

rather than striking them. This will be in-
vestigated with computer simulation and with ¢
single-aperture experiments. Comparing the
plasma electrode Toading of Fig. 2 with the
decel supply loading indicates that approxi- =
mately one-third of the power is incident on
the plasma electrode structure with the re-
mainder passing on through into the ion source
source.

Attaining 2 Second QOperation

With 300 msec pulses and a 15% duty cycle,
unoptimized operation gave ground electrode
power loadings of about twice that shown in
Fig. 2, 800 W per cm?, and minor distortion
appeared on the aperture pattern. A calcu-
lation of the thermal time constant® for this
electrode system gives a value of about 0.5
sec. Optimized operation of this system as
illustrated by Fig. 2 is then at ~ 3/5 of a
thermal time constant and at about half the
power loading required for damage. This type :
of operation then should give essentially OC
operation. This premise will be tested, at
Teast to the extent that power supply capa-
bitity will allow. The 10 cm diam scaled-up
extraction cystem has a more conservative
cooling design with a calculated time con-
stant of ~ 0.25 sec. Power loading tests on
this system are in progress. Tests at the
eventual goal of 2 sec must await power sup-
ply delivery.

A design for a 50 kV, 50A, essentially DC
unit can be put forth based on all ot the
above information. The unit should be a
direct scaleup of the 6A ORMAK unit with the
more conservative cooling system for ~ 0.25
sec thermal time constant. The extraction
system diameter then would be ~ 21 cm. Geom-
etry perturbation studies and optics studies
will yield methods of reducing ground elec-
trode loading. These methods should be
applied for a conservative design, although
not necessary. Reducing the plasma-forming
electrode loading, by pumping, area expan-
sion, coatings and materials, extra elec-
ti odes, etc., could be done as a contingency
and for > 50 keV systems, but should not be
necessary for this unit.

Conclusion

Higher energy reutral injection units re-
quire the development of extraction systems 3
capable of handling more energy. ORMAK in- g
Jjection unit test data indicate the critical
power loading regions to be the ground elec-
trode and the plasma-forming electrode. Com-
bining this data with models for the power %
Toading indicates many potential methods of
reducing power loading or of better handling
of existing loading. Experimental data



relating to some of these methods were dis-
cussed. A design for a 50 keV, 50A,
essentially DC system, based on the data and
the model for the poweyr loading, was pre-
sented.
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