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Abstract

A mult{-beam {njector {s being designed and built
at .03 Alamcs for the U.S. Heavy Ion Fusion Program
1), As part of this program, development of an alu-
minum-spark, pulsed plasma source s being carried
out. Faraday cup diagnostics are used to study current
emissicn and to map the current profile. An aluminum
oxide sclnti{llator with photographic film {s used {n
conjunction with a pepper-pot to obtain time {ntegrat-
ed emittance values,.

Introduction

The U.S. Heavy Ion Fusion Program Plan includes a
High Temperature Experiment accelerator to test models
fo~ ion beam deposition in hot plasma and to answer
accelerator design questions related to an HIF reactor
system. An {njector prototype for this machine {s
be!ng designed ang constructed at Los Alamos National
Laboratory. Tne design criteria for this {njector are
as follows:

Number of Beams - 16

Particle Energy - 2 MeV

Current per Beam - 150-300 mA

Ion Mass - 20 to 39 AMU (Ne' - X')

Pulse Length - 6 usec

BeaT tmisttance - 4 x 107’ meter-radlans normalized
Energy and Current Flatness - 0.1%

various {on sources have been considered for this
machine {nclud!ng zeolite, porous plugs, and pulse
plasma sources., The pulsed plasma sources offer sev-
eral englne :ring advantages over any hot source. They
gererate no heat load which could distort the {on
optical structure and thus nece=sitate special cooling
provisions al. the high voltage end of the column.
Consequently, they do not require a large motor gen-
erator Lo generate the power to heat the sources,
Finally, there {3 the problem of neutral enisslon
which would {ncrease tne background g:s pressure {n
the accelerating column. Therefore, we have pursued
the developmont. of an aluminum spark sourcc as a way
around these problems.

Experimental System

A schematlc of the sourcs {s shown {n Flg. 1, A
motal vapor spark s generatrd at one end of a drift
space betwern annular electrades. The spark {a 1niti-
ated by a Pateo pulse generator operating at 50 kV
pmak pulss voltage, and {t s sustainnd by the dis-
charge of an L.C PFN which Is lnductlvely {solated from
the gap.  The pulae {3 3% paec wide, and currenin of
-500 amps at 4 kV charge are normilly used. The »ylas-
ma from the spark passnes down Lhe Apifl space to A
daub'e grid plasma nwiteh (also ahown {n Fig, 1), The
drift space walln Serve to eliminnte jonn with high
transverse enargy; In olhec words, they provide geo-
metric collimatinn to redure beam smittanc.,
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Fig. 1. Aluminum Spark Source and Double Grid Plasma
Switch

The double grid switch {s a device to prevent
plasma drift {nto the extraction gap and to pre-estab-
lish a flat extraction sheath region. The first grid
{s at the source potential, allowing the plasma to
drift through 't freely, while the sacond grid 1{s
biased negatively with respect to the source poten-
tial. This second grid turns plasma electrons back
while the {ons continue through the grid to form a
virtual anode. In actual operation, the second grid
{s {n the aperture »f the extractor focus electrode
which {3 at ground potential while the source (s bi-
ased at +200 V positive nominaliy. Once the extrac-
tion potenti{al {s applied, .ons are eatracted from the
virtual anode.

Fig. 2 shows a computer calculation of the trajec-
tories {rn the extractor {tself. The extractor {s a
conventional electrostatic gun though {t {3 no. a
Pierce genmetry. A grid {s incorporated at the exit
aperture to counteract tl.e normal exit aperture defo-
cusing of the beam, The grid has a tran:mission coef-
ficient of 90%. The calculation shown {n Fig. 2 {s
terminated at the position of the prepper-pot described
below. At this point, space charge expansion reduces
the [-'tial average current density by B8.6%. Thus,
the & ‘rage source current density {5 attienuated to
82.3% when both grid attenuation and space charge
expansion effects are {nciuded.
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Fig. 2 Computer alculation of trajectorics In 1o

aource test stand.



The beam eriting the gun is disgnosed by Faraday
probes to obtain ourrent density as a funotion of
extractor voltage and as a f.mction of beam radius.
The two types of probe are shown in Fig. 3. The probe
(a) uses a gridless aperturs and a cylindrioal elec-
tron trap to prevent vlectrons from entering the probe
and to prevent secondaries from leaving the detector
plate. The second probe (b) uses a long cup to trap
plasma generated at the aperture for the duration of
the ifon pulse.

Fig. 3 Two Types of Faraday Probe

The beam was recorded using an aluminum scirtil-
lator ard Tri-X film, The &luminum coating was 1000 A
thick and plated on 1-mil mylar sheet. The fi{lm was
pressed against the mylar {n a light-tight container.
For time {ntegrated emittance measurements, a pep-
per-pot plate with a one-inch diameter array of
U-m!l diameter holes was placed {n front of the scin-
tillator. The scintillation materi{al is actually the
oxide layer on the aluminum and {ts response time {s
-300 nsec [2].

Results

In order to measure the extractable current as a
function of extractor voltage the probe shown in Fig.
3a) wae uscd., This {s a gridless probe based on the
work done by onc of the authors (E. A. Meyer) on elec-
tron traps for elecirpstatic extractors and for accel-
erator columns. The 1dea was to prevent electrcns
frcm either entering nr leaving the detector by creat-
ing a negative potential wall between the entrance
aperture and the detactor plate. The detector s
shielded elesctromagnetically inside an aluminum case
which 13 at the ertractor potential. The {ona leave
the extractor at hign potcntial rather than st ground
for convenience in testing a wide varie.y of plasma
sources. The signal from the ndrobe .s relayed to an
oscilloscope via a fiber optic link for high voltage
{solation.

Two different length drift tnbes were us2d for the
source plasma. The distances from the spark to the
first grid of the double grid switch <ere 175 mm and
124 mm. Only one double grin separatiaon was used,!5.9
mm. and the normal bias on tl.e doublms grid nan 200 V.

The results for the ahorter lengtn drift tubr are
shown {n Fig. 4. The wvolid lino s the reault of a
computer calculstion of the beam envelope at the loca-
tion o+ the proben aperture and {t represents the aver-
agn current density expected at that location
correctad for the effects of grid attenuation ar '
space charge expansion. Actuzlly the beam .a slightly
focused at this locatinn dur ta an 11 mrad convergence

of the beam envelope at the exit grid. Individual data
points are plotted on Fig. # and there is consi{derable
scatter. This scatter in the data {ncreased when
tests were made with the longer drift tube,. Origl-
nally, it was planned to msp the current profile of
the beam with this probe. However, the data scatter
did not permit this.
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Fig. 4 Extracted Current From Gridless Probe

The design goal for use of tnis source {n our
application s to obtain 10 mA/cm® of asapace charg-
limited current. The data points tend to fall belowx
the calculated curve {n this vicinity. We think this
is due to inadequate plasma density at the extraction
surface to support tais current 1level and that the
more erratic data with the longer dr:i:ft tube confirm
this explanation since even lower plasma densitles
would be expected with the longer tube. At the low
voltage end the points are obtained later {n the ex-
traction pulse »nd source depletion .s probably occur-
ing. however, in a moderate voltage range at current
donsities betwcen 8 and 9 mA/cm“, the current 1s rea-
sonably close to the calculated amplltude and slope.

To reduce the scatter {n data, in case {t were not
a real source effect, a new probe was bullt (Fig. 3b’.
This longer cup was designed to trap plasma from the
aperture {ns de the cup and provide a drift time for
this plasma that was large compared to the ion pulse.
It was hoped that keeping any beam produced plasma
insi{de the cup would reduce the current noisc by kecp-
ing plasma from shorting the cup bias. A biag curve
for the cup indicated an optimum operating point of
+90V,

Fig. 5 shows beam current maps taken at 3. cm
from the exit grid for two different conditions. The
probe aperiure {8 1,59 ma {n diameter. The horizon-
tal lines labeled 100 .V ani 80 kV represcnt the ox-

pected average current density at  the  apertur:s
location {ncluding space charge expanaion and gruod
attenuation. The beam clearly has a hot apot tn the
middle 1-1.5 em {n diameter which s qualitatively
consistent with beam {magen recorded With the
scintillator and wlith microdensitometer readingt of
the pepper-pol photos. The error bars reflect great
shot-to-ahot variability which {s also consisteni wity,
the pepper-pot photes. It seems likely that the data
scatter 1+ a real source effect alpncee the seconl cup
also Jhowrd scatter, Furthermore, 1t han besn ab-

asrved that when the aource (s {{rst reaasemblold very
reproducltle data {8 obtalnod for 4 ahort time,
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Fig. 5 Extra~*~=2 Beam Scans

Fig. 6 shows a photo of an actual pepper pot shot.
The plate holes are 4-mil diameter separated by 1/16
inch to form a one {nch wide pattern. The separation
between the plate and the scintil.ator was 10.6 mm.
We attribute much of the {rregularity {n some parts of
the photo to time dependent motion of the bean during
the rise and fall of the pulse.
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Fig. 6 FPepper-pot photo
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Fig. 1 Miceradimsitometer Plot Corresponding

Lo Pretare §n Fig, 6

Flg. B shows a divergenoe va. position plot for
three shots of roughly the same peak voltage. The
photos were read with a microdensitometsr uaing 60y
resolution., The ellipse drawn on tho_ylot oorrssponds
to a normalized emittance of 5.8 x 10 ' meter-radians.
Similar areas were obtained for higher voltages. The
measured emmitance s within 508 of the required
emittance. Therefore, we are encouraged to oontlinue
development of this type ol source,
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Fig. 8 Emittance Plot for Long Tube
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