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1979 LINEAR ACCELFRATOR CONFFRENCE

DEVELOPMENT OF A HIGH-CURRENT DEUTERON INJBECTOR
POR THE PMIT PACILITY*

3. D. Schnelder, ®. L. Rutkowski,t E. A. Meyer,
D. D. Armstrong, B. A. Sherwood and L. L. Catlin
Los Alamoa Scientific Laboratory
tos Alamoe, New Mexico 87545

Summar

The injector for the Fusion Materials
Irradiation Test (FMIT) Facility has been
designed to deliver a 100-keV, 125-mA dc deu-
tecon beam (Fig. 1). A prototype injector has
been built to run with a Ay* {ion beam. Two
fon sources are being tested--one with magnetic-
cusp gecmetry. Th-= lnjector transport consists
of a single-stage modiflied-Plerce extractor, a
double-focusing 90° analyzing magnet, a high-
power emittance scanner, steering and quadrupole
focusing magnets, a mechanical beam-current
modulator and a d=flection type beam pulser.

The performance of the prototype Injector is
discussed.

Introduction

A preprototype tcst stand has been used to
generate the design of a 100-keV, 125-mA dc deu-
teron beam injector for the FMIT facility. An
lon source of Osher Jdeslgn and three of cusp-
field geometry were fabricated. A single-
aperture extraction system was designed using
the bean extraction code SNOW.l because no
operational differences were predicted, single-
gap extraction was chosen over the two-gap
system that originally was considered. Magnetic
beam analysis is used to select the desired lon
specles In the h-am from the ion-source/
extractor system. The tests of these systems as

*Work performed under the ausplces of the U. S.
Department of Energy.
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Pig. 1. Proposed PMIT injector system.

MAGNETS

well as tests of the vacuum pumping and remote
control systems are discussed helow.

Botl calculation and tests have shown that
very good quallity heams can bhe achieved by
sizing the apertyre diameters such that opera-
tion is ot €08 of the space-charge i1im!+ and by
using electrode profiles based on the space-
charge-limited "Pierce™ geometry. A kevy factor
in minimizing space-charge divergence of the
beam was the Installation of a negatively biased
(-1 kV) electron trap onlv 0.15 cm downstream
from the ground electrode. At asimilar distance
downstream from the electron trap, a hollow
cylinder was used to re-establish ground pcten-
tial and thus enhance in a very short distance
space-charge neutralization of the drifting beam.

lon Source

Initial tests were perfoimed cn a Los
Alamos Scientific Laboratory (LASL) version of
the Osher design reflex-arc source. Thils unit
originally was bullt hy the Lawrence Livermore
Laboratory (LLL) for another program at LASL and
was delivered as a multiaperture source. It was
converted to a single-aperture source with
{mproved extraction optics. Although it
®zlivered the reqguired current densitv easily, a
plasma instabilitv deveioped that woulA
seriously affect linac operation.

Three versions of cusp-fie.id ion sources
have been bullt and tested. Mark 1 was a rela-
tively larje (18-cm diam by 31-cm long) water-
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Fig. 2. Mark 2 cusp-field ion source.
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Fig. 3. Mark 31 cusp-fleld ion cource.

cooled rylindrical cnamber. Thirty permanent
magrets were installed, on the curved walls
only. Operational stability was impressively
good, but excessive 1lon losses to the noncusped
end walls made it Impossible to achieve an ade-
quate fon denslty. The next version, Mk 2

(Fig. 2), featured simplicity and low cost, and
reduced the ion loss area to one-quarter that of
Mk 1. This was a nearly cublcal chamher (18 cm
per side) with five herizontal rows of magnets
along the sldes and three rows of magnets pro-
viding a cusped fleld on the top vlate. Per-
formance of Mk 2 was approximately five times
better than its predecessor and easily delivered
the required current density. Gas efflciency
was very high (5>40%), but the lon-specles ratio
sti1l nerds some Improvement.

In an attempt to reduce ion losses even
further, Mk 3 (Fig. 3) has been constructed with
cusp-field magnets on both top and bottom plates
as well as on the cylindrical side walla. 1Ini-
tial tests showed that performance was not asg
good as with the Mk 2 source. All results
reported pertain to the Mk 2 source.

Two major problem areas with the cusp ion
sources have been the directly heated cathodes
and the cathode feedthroughs. Several years of
good experience with flat nickel-gauze oxide-
coated filaments in a duoplasmation lon sou-ce
provided the incentive to try a similar-type
fllament on the cusp source. However, under
conditions of high-plasma density, it was
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Pig. 5. The 100-kV extractor.

impossible to achieve iung lifetimes. A
successful new cathode geometry consists of a
1.0-mm tantalum wire tightly wrapped with 0. -mm
nickel qauze and coated with a barium-stro..lium
oxlde. Spot welding the nickel gauze to the
tantalum wlre was found to improve lifetime
somewhat,

Many designa of filament feedthroughs were
tried before the present concept evolved. Com-
merciallv available vacuum-compatible high-
current electrical feedthroughs untillzing cera-
mic Iinsulators invariahly failed with destruc-
tive arcs that originated on th~ vacuum surface
of the ceramic. Organic insulators (rvlon,
epoxy, Kel-F) held up better in the arc environ-
ment, but could not withstand the high tempera-
tures without the use of complicated cooling
devices. The design currently in use (Fiq. 4)
emplovs four separate insulating materlals and
i1t has resulted in a high-current feedthrough
that is a elmple onc-plece construction, low in
cost, very compact, and that is reliable in the
higli-terperature arc environment.

100-kV Extractor

The 100-kV extractor ls a single-gap accel-
crating column as chown in Fig. 5. Externally
it conclsts of two 20.3-cm-1.d4. by 12.7-cm-Jong



alumiza Insulating rings -»aled with O-rings
betweun three annular 38 .°-cm-o0.d4. stalniess
steel nlates. Voltage gr:ding is provided by a
0.67-m4% rnaistor Btring ard arc protection is
furnizted by atmospher'c spark caps. This ini-
tia' Zasign utilizes an apertur- (1l.13-cm diam)
of - --half the area anticipated for use in the
PMT " rwrractor. Design current for this half-
ares aumrture §{s 100 mA at 100 kV, which results
in the sase current density as required for the
<7 extractor.

Careful attention has been glven in the
design to minimize high-voltage breakdown across
the laisulators, caused mainly by photoelectric
chatging from x-ray implngement, that is nor-
mally a problem in hlgh-voltage extractors of
high-average c:ccent. The x rays (brems-
stranlung) are caused by electrons, accelerated
in th= gap, striking the 100-kV surface. The
el:~-ron3 rre produced by heam-induce? ioniza-
ti-n «f the regidual gas in and downs“ream of
the a-celerating gap. Specifications for the
FMiT extractor require that voltage hreakdown bhe
limitad tn 1egs than one per eight hours,

D=sinn features to minimlze hreakdown are
as fol' owe:

1. T - maximum gradient In the acceleration
gap is 50 kV/cm.
2. Plashover acrods t'.e ceramic Insulating

rings is inhibited by the use of long
{rsulators divided into two sections to
limit the voltage across each section to
50 kV.

3. Reentrant geome*ty ‘5 used at the inslde
corner of the inji:lating rings to keep the

electric f1e1d low at these critical points,

4. Tha= lnsulatirg rings are shielded from
x raya by 2-cm-thick steel rings and by the
polybdenum electrodes.

5. An clectron trap blased at -1 kv is used to
prevent entry Into the gap of electrons
formed downstream of the acceleration gap.

6. L~ restdual gas pressure in the accelera-
tion gap !s obtained by use of a 10 OuC-2/s
oil diffusion pump and sixteen 1.9-cm diam
pump~out holes in the extractor., Low
pressure here is of critical importance
becauie {t is the only way to reduce the

a similar distance below trs electron trap elrc-
trode reduces field penetration {nto the region
below. A coaxial lead is used to supplr -1 kv
to the trap s0 that the heam will be shielded
from the field of thla conductor. The heam-line
region below the electron trap must be kept free
of electric flelds so that a high degree of
space-charge neutralizatinn of the beam will
occur and reduce heam divergence.

The effectiveness of the electron trap and
of these precautions Is quite pronounced and is
shown for a 95-mA beam -* 100 kV in Pigs. 6a and
6b. Figure 6a shows the diameter of the heam
1.0 m below the 0-kV electrode (analy:zing magnet*
off) as a function of electron trap voltage.
Wirh -1 kV on the trap, the beam is 2.0-cm diam
a compared to the 1.13-cm-diam aperture In the
mclvbdenum electrodes. With the trap off, the
beam soreads out to >15 cm diam. Flgure €b
shows the eftectiveness of the electron trap in
reducing the x-ray level measured 1.2 m from the
ion fource. With L kV on the trap, the x-rav
level 5 16 wR/h as compared to 1.6 mR/h with
-1 kV oh the trap.
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Fig. 6a. Beam dlameter vs electron trap voltanqe.
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Beam Transport

A double-focusing 90° analyzing magnet
steers the beam into the horlzontal beam line
and elirlnatea unwanted ion specles. Excitatlon
colls, wound of hollow copper conductor and
potted with a vacuum~compatible epoxy, are
directiy behind the pole faces. Water—cooled
beam dumps protect the bottom and downstream
side of the magnet box from the impingement of
the unwanted species,

The analyzed heam will be tailored for
acceptance by the rf quadrupole (RFQ) by two
bean steerers and two magnetic quadrupole doub-
lets. An eight-vane water-cooled variable iris
gtructure will be used to adjust che beam
current while maintalning a near-constant
current density. A combinatlon xicker magnet
and beam dump will be used to provide Hy*
ion beam pulses for tuning purposes.

deam Diagnostics

Beam diag' »stic equipment will include
three multidir nsional optical heam profile
monitors and «ppropriate heawn-current monitors.
Two emittance measuring devices are being bhuilt,
One is a two-meter-long drift tube terminated
wiih a water-conled pepperpot analyzer. The
other is a more sophisticated double-scanning
high-power density unit for measuring detailed
structure of the beam. Observation of the
extracted beam (including all fon specles) in
the one-meter—long drift space bhelow the
extractor, assuming thit only emittance
contributes to beam divergence, leads to an
upper-limit estimate of normalized emittance

E, < 0.047m mrad-cm.

Vacuum System

The injector vacuum system, utilizing a
10 000-2/s oll-diffusion pump ard heam—line ion
pump, 1s described elsewhere.2 Considerahle
sttention has been given to minimizing oll con-
tamination, which might coat the Insulators und
cause hiqh-voltage breakdowr {n the extractor.
Experlence to date after 10 months of continuous
operation has be:n very satisfactory. The
system has remzined clean and there §s no trace
of oil on the ion gauge valls. There have been
no high-voltage hreakdown problems In the 100-kV
extractor.

Controls

Becaude the lon source and assoclated
equipment dome must sit at a 100-kV potential,
all controlling must be handled remotely. A
microcomputer-based control and data-acquicition
system utilizing fiber-optic links has heen
implemented. This system uses CAMAC hardware
and is compatible with the facility control
philosophy.
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