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Introduction

High current H/D- negative-ion sources are required for
fusion (40A D- @ 1MeV)

The ITER caesium-seeded negative-ion source is meeting
these requirements

However, caesium is causing many issues: pollution,
consumption, stability of long pulse operationé

Reduction of caesium consumption or its elimination would
be highly valuable for a fusion reactor (DEMO)
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Introduction

High current H/D- negative-ion sources are required for
fusion (40A D- @ 1MeV)

The ITER caesium-seeded negative-ion source is meeting
these requirements

Study of negativelon enhancer
materials (other than Cs)
In H, plasmas
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Experimental setup: PHISIS
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PHISIS

Massspectrometer SourceChamber
» Transfer rod
Diffusion
Chamber
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Studymethod s
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Zone of interaction
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Experimental setup

Mass and energy analyzer

Sample

Sample holder
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Experimental setup
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Experimental setup
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Experimental setup

Plasma

Mass
Spectrometer

Negativeions () are selfextracted.
Advantagessimple extractionsamplematerialscanbe changed
easily

Drawback Bad control of surface state.ststronglydependanon
plasma conditions and iddombardment
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Negative lons Energy Distribution Function
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Negative lons Energy Distribution Function
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NIEDF ULRN

Negative lons Energy Distribution Function
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NIEDF

Negative lons Energy Distribution Function

Experiment
SRIM model

NIEDF shape is determined by the relative
contribution of two production mechanisms sputtering

and backscattering.
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Experimental conditions

Samples

HOPG: Highly OrientedPyrolitic Graphite
MCBDD : Micro Cristalline Boron DopedDiamond
NCD : NanoCrystallineDiamond

MCD : Micro CrystallineDiamond

NDD: NitrogenDopedDiamond
Nanoporoud2CaO 7Al,O4 (C12A7)

> > I D T D

PlasmaConditions :

A P =30900W A Pr=0.2I 2 Pa
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Experimental conditions

Samples

A HOPG: Highly OrientedPyrolitic Graphite
A MCBDD : Micro Cristalline Boron DopedDiamond
A NCD : NanoCrystallineDiamond

Collaboration with Doshishauniversity

PlasmaConditions :

A No magnetidield
A Pr=0.2 2Pa

A H,and D plasma
A P =306900 W
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Conductivity: 1000 Siemens/cm

Low work function
Thermal stability
Chemical stability
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C12A7-electride surface U
electrons
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O ( & chemical formula is [Ca,,Al g0 ]*" + 4€

Favorable proprieties for negative ion
production
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Nlisurface production mechanisms.on C12A7 electride surface
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Nlisurface production mechanisms.on C12A7 electride surface
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Nlisurface production mechanisms.on C12A7 electride surface
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Gd the major process is backscattering of ions with a peak of production at 36 eV
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NIisurface production mechanisms-on C1L2A7 electride; surface
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Gd the major process is backscattering of ions with a peak of production at 36 eV

HOPG the sputtering contribution due to adsorbed H on the surface is also important and there
production peak at low energy
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Nlisurface production mechanisms.on C12A7 electride surface
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Gd the major process is backscattering of ions with a peak of production at 36 eV

HOPG the sputtering contribution due to adsorbed H on the surface is also important and there
production peak at low energy

C12A7 the relative contribution of sputtering to NI production is
(Aix Marseille higher than on Gd and lower than on HOPG @
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Nlisurface production mechanisms.on C12A7 electride surface
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Nl surface production efficiency @n(@C22A7 electride strfac
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Effect of positive ion impact energy on NI production P"F‘\

efficiency on C12A7 electride surface

S > Sample 1 Pa H, 60 W ECR source

Negative ion

| energy

distribution

| function
(NIEDF)

Vi To— V=8V

\{ . Hgtis the dominant ion

species
 Eg=e(WiVy)
Elmpact € (V va)/3

Vs is varied from-10 V to-170 V
Einpact 1S varied from 6 eV to 60 eV
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Effect of surface bias parameters on NI production efficiency PV
on C12A7 electride surface
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H, plasma: 1 Pa, 60 W ECR Surface blas:_
C12A7 electride sample
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Energy, eV
A All measurements presented are performed at steady state

A The NIEDF peak intensity increase with biag(103 cts/s at-10 V to 2.1 cts/s at-170 V)
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Effect of surface bias parameters on NI production efficiency PHP‘\\

on C12A7 electride surface

o

= / H, plasma: 1 Pa, 60 W ECR power
= le 2
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4 '- C12A7 electride sample HOPG sample
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Surface bias, V
A The influence of surface bias variation on NI surface production in the case of C12A7 electride

surface is similar to the case of HOPG surface
A The highest NIEDF peak intensity has been measured at70 V for HOPG surface, same result
Is found for C12A7 electride surface where NIEDF peak intensity measured for C12A7 electride

surface is 120 times higher than the one measured di0 V.
(Aix Marseille ef @




=
O
—
(4]

Effect of surface bias parameters on NI production efficiency

on C12A7 electride surface

Pl

10° 5

H, plasma: 1 Pa, 60 W ECR power

The positive ion bombardment leads to
change on the surface that are favorable
state to NI surface production (creation of
defects and/or hydrogenation and change of :
electronics properties)
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Surface bias, V

A The influence of surface bias variation on NI surface production in the case of C12A7 electride
surface is similar to the case of HOPG surface

A The highest NIEDF peak intensity has been measured at70 V for HOPG surface, same result
Is found for C12A7 electride surface where NIEDF peak intensity measured for C12A7 electride
surface is 120 times higher than the one measured di0 V.
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Effect of surface bias parameters on NI production efficiency PV
on C12A7 electride surface
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A The increase of the NIEDF tail means that mean energy of produced
NI increases
A NI surface production on low work function materials is expected to
increase with increasing perpendicular velociti f in
(Aix Marseille particles =7 @



Normalized intensity

Effect of surface bias parameters on NI production efficiency

on C12A7 electride surface
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survival probability might increase with
001 surface bias and explain at least partly the
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A The increase of the NIEDF tail means that mean energy of produced
NI increases
A NI surface production on low work function materials is expected to
increase with increasing perpendicular velociti f in
particles
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Effect of surface bias parameters on NI production efficiency PV
on C12A7 electride surface
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NIEDF measurements:at low
bias just after high bias
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