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Abstract

Testing of the alumino-silicate iaspurceandthe contact
ionizer at high current density was satisfactory.

dispensersembedded inthe extraction electrode were
capable ofproviding sufficient cesium vapawoverage to

Previously, an alumino-silicate iosourcehashbeen
developed for the ILSE project [2]. Then sourcehas a
diameter of 17cm, thus the potassiucurrent density is

Thapproximately 3.5mA/cm?. Although this ionsource

has met the original specifications for the ILSE project,
the latest conceptual designs for the next HéBearch

the ionizer thus shows a promising way of constructingcility calls for an injector with an iosourcethat has a

an ionizer for long term heavy ion fusion applications.

1 INTRODUCTION

A heavy ion fusion (HIF) driverequiresion sources
that can deliverintense heavy ion beams with

low

current densitg15 mA/cn? of K* (a factor of 4increase
from the previous case). The major reason for choosing a
high current density, compact size injector is to reduce the
overall cost of a fusion driver.

In this paper, we present experimental results on

emittance. The choice of ion species depends on the rariggting the ion sources to meet the new specifications.

of penetration into the fusion target at thecelerator
beam voltage. Typical ions of interemte those of Bi,
Pb, Hg, Cs, Xe, Rb, K, AandNe. Some lighter ions
like K, Ar and Ne arencluded because #he early stages
of driver development, they provide t@portunity to do

Both the alumino-silicate typand the alkaline vapor
contact ionizer have been tested. The results suggest that
both types of ionsources will meet theurrent density
requirementand eventually the selection wiltlepend on
further experiments relating to the life-tiraadreliability

experiments atriver scaleion velocities on a less than of the ion sources.

full length accelerator facility.
Naturally, not all the ion species of interesin be

2 EXPERIMENTAL SETUP

produced effectively from a single type of ion source. For

example, a gasource is suitable for generatihty, Xe,
Ar and Ne ions whereas ametal vapor vacuum arc
(MEVVA) source would be more appropriate fmms
such as G&ndBi. In fact the MEVVA sourcehas an
additional advantage afeneratingons with high charge
states, thuseduceghe requiredacceleratobeam voltage.
Both the gassourceandthe MEVVA sourcestill need
further development inorder to meet the driver
requirements. So far, ttmurfaceionization source$ave
beenused in most HIF driver designs. Thesurface
ionization type of ionsource can efficientlyproduce

singly chargedalkali ions such as dsand K", The
major advantages othis type of ion source are the

absence ofjas flow, excellent beam current control and

low emittance(due to low ion temperatureand a solid

emitter boundary). The main concerns here are the sou

life time, the alkaline vapodelivery system, and the

deposition of alkaline vapor onto beam line components

A typical heavy ion fusion (HIF¥river can have of
the order of 100 ESQ injectors at th&ont-end of an
induction linearacceleratof1]. Based orbeam transport
considerations, a 2-MeV injector shoytdovide a beam

with a line chargedensity of approximatelyo.25x106
C/m. The actual beam currentill depend onthe ion
velocity (or equivalently the square root of the
charge/mass ratio).

20x106 s with a rise timepreferably not more than
1x10°€ s and a repetition rate of 10 Hz.

0-7803-4376-X/98/$10.00 O 1998 IEEE

For a potassium ion beam, th
corresponding beam current is 0.8 A per ion source. F
HIF driver applications, the required pulse length is abo

2.1 The lon Extractor and Diagnostics

A schematicdiagram ofthe ion source and the
extraction electrodes is shown ig. 1. The ionsource
has a 2-cmdiameter concaveemission surface (10-cm
radius of curvature). The structure, which includes the
cylindrical sidewallandthe threadedcenterpost, is made
of porous tungsten. Heating of the ion sourcervided
by a molybdenum filamensurrounded with ceramic
shields. It takes approximately 100 watts to heat the ion
source to the operating temperature of about 000 he
3-electrodeextractorwas designed toextract ion beams
uniformly at space-charge-limitelow from the emitter.
High voltage isobtainedfrom a pulse formingnetwork
feeding into a bi-polar step-up transformer. Typical pulse

L@ggth is aboutl.5x106 s. The Pierce electrode, which
as the same potential as the ion soureegives the
positive high voltage output while the lasdectrode
receivesthe negative high voltage outpandthe middle
electrode is at groungotential. Thisarrangemenallows

us to provide the maximuralectric field gradient for ion
extraction. Although the ions are decelerated in the region
betweenthe lastelectrode andhe diagnostic equipment,
the beam diameter is kept small enough to avoid collision
into the lastelectrode and to producespot size smaller
than the opening of theEaradaycup. There is a another
fdvantage ofpplying negative high voltage to the last
8lectrode because stippresses electrons from eitiveck

léttreaming into the iorsource aswell as assists the

Faraday cup in capturing its own secondary electrons.
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Heat shield
2.2 Two Types of Surface lon Sources

N For the alumino-silicate ion sources, a tHayer
(approx. 0.3 mm) of alumino-silicate waslted on top

Porous 25° of the porous tungstenurved surface. Some recently
tungsten _ developed techniques have improved the coating quality to
lon Source | O Ilo 00 reliably achieve surfaceniformity. In testing thecontact
\ ' ionizer scheme, thévare porous tungstersurface was
Filament @ — loaded with a fraction of a monolayer of cesium (or
Extraction potassium) by either doping the source with a solution of
Electrodes alkaline carbonates or by using alkaline dispensers.

For the contact ionizers, six 12 mm long
commercially available dispensers (by SAES GETTERS)
are embeddedaroundthe centeropening in themiddle
- electrode, sahat thedispensersutput releaseslits are

facing the sourceemitter surface. Fig. 3 shows the
. . — . dispenserlayout schematics. Since thiectrode is
Figure: 1 Schematic diagram of the ion source and  ¢acing anhot ion sourcethere is indirectheating from
extraction electrodes. radiation. Additional electricateating of thedispensers
can be done to control the vapor release. In ordewdoa
overheating, the middlelectrode is cooled by a waterline
at the edge.

suppressor

leads

¢ alkaline dispenser
platinum ribbon

at1000°C ~——_

~——]__ insulators

Figure: 2 Schematic diagram of the neutral detector
. . ) middle
The ion beam current density profile waasured electrode

by moving a 2-mmdiameterpinhole across thé&araday

cup entrance. A pair of permanent magnets wasnted  Figure: 3 Front fed vapor source dispenser layout.
behind the pinhole tproduce aransverse magnetield

fo_r stopping secongiary electrons that were gengrated at the 3 EXPERIMENTAL RESULTS
pinhole from entering the Faraday cup. The pintpié¢e .
downstream of the last electrode respectively. depended orthe ion source temperaturand the applied

used to measurthe alkaline neutrals flowing out of the Fig. 4 (the extraction voltage islefined asthe total
ion source, sediig. 2. Platinum has a highvork Potentialdifferencebetweenthe positivePierce electrode

function whichoffers excellenionization efficiency. In and the negative laselectrode). Inthe space-charge-
steady state, the amount of adsorbed alkaline atoms on tifaited flow regime, the bearourrentincreased according
hot platinum surface (approx. 1 crd) will reach o the “V3/2 law”. This relationship sustainadtil the
equilibrium in such a way that the flux of incomingiOn source reachgd the emission limit mode. The emission
alkaline atomsequals tothe ion current emitted by the limit increased with the ion source temperature. 4At5
surface. Here, we assume that the ionization probability {&/ @nd at an ion source temperaturel660°C, we have
near 100%. The emission is measured by monitoring tiebtained43.2 mA of K" ions. Thiscorresponded to an
drain current onthe 2 kV bias power supply (after average current density of 13.75 mA&m

subtracting theleakage background current). Good As shown in Fig. 5, theurrent density profile of
agreementvas obtained by calibrating ouoreasurement the ion beam was uniform to withi#b%. Therewas a
against the flowrate specified byhe manufacturer of an datauncertainty of dew percentdue tosignal noise and

alkaline vapor dispenser. digitization.
Also shown in Fig. 4and 5 arehe performance of
an ionizer doped with potassium carbonate. Assthece
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was heated to operating temperature, thearbonate additional electric current could be used to drive the
decomposed andsubsequentlyreached anequilibrium  remaining cesium content out of the dispenser.

coverage ofpotassium atomsadsorbed tothe emitter In measuring the alkaline neutrals at 15 cm
surface. This is an easy way ofdelivering” alkaline downstream of the extractor, we quaredthe signals for
atoms to an ionizer. The doped source usually lasted orilydetectorpositions, atbeamlinecenterand away from

for afew days ofoperationbefore completelydepleting centerwithout line of sight. Thebackground pressure
the alkaline storage, thus it is mainkgedfor calibration \was about5x107 Torr. The cesium neutral flowate
purposesand isnot considered dong term solution for arriving at the platinum foil wasdetermined to be

HIF applications. 7.5x10'1 /cm?/s while the ion source was kept at
A long life ionizer must have some way Of 110¢C. Thiscorresponds to aatomic emissiorrate of

continuouslyfeedingthe alkaline vapor, either from the 4 .
front side orvia diffusion through the porous tungsten1'7x101L femPs (0.14 mg/créhr) from the ion source.

from the back side. In our experiment, we htasted the

effectiveness of deliveringesium vapor frondispensers 4 DISCUSSION

embedded inside the extraction electrode. It was found that We haveshown that both types of iosources can
the radiation from the iosourceproducedsufficientheat producethe requiredcurrentdensity. Thecurrent denstiy
to the dispensewyithout requiringany additional electric uniformity is good. Themethod of using alkaline
heating, torelease Csvapor. During initial operation, dispenserembeddednside the extractiorelectrode was
there was enough cesiugoverage to produce a beamproven to be adequate for evilre highestcurrent density
current density adigh as 15.4mA/cm? (space-charge Cesium beam that wehave achieved. Further
equivalent to 29.4 mAlcn? of K¥). The v investigation of thlsconcept carlead to the_su_ccessful
characteristicareshown in Fig. 6. As time went on, development of a long life front-fed contact ionizer.
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Figure: 6 I-V characteristics for the cesium vapor
ionizer.

Extraction Voltage (V)
Figure: 4 I-V characteristics for the alumino-silicate
K* ion source and the ded source.
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Figure: 5 Beam profiles for the alumino-silicate ion
source and the ged source.
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