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▪ Stability and plasma 

resilience at ion source 

relevant parameters for 

fusion.

▪ Steady-state work function 

< 3 eV in H2 / D2 plasma 

environment. 

Results – Initial vacuum heat treatment

Heating after sample installation:

H− surface production and the material C12A7:e−

Enhancement of H− conversion yield via low work function converter surface

▪ State-of-the-art technique: in situ evaporation of Cs onto refractory metals

→ Drawbacks: high chemical reactivity and volatility, high Cs consumption

▪ Cs-free alternatives desirable, but no viable alternative so far

→ Investigation of C12A7:e− samples from different manufacturers:

Manufacturer:

Fraunhofer IKTS (GER)

Diameter = 25 mm

Thickness = 2 mm

Manufacturer: AGC Inc. (JP)

Diameter = 30 mm

Thickness = 2 mm

Surface protective layer

Intrinsic WF (pure surface in UHV)
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2.4 eV

Measured work function (WF) depends 

on the surface preparation, vacuum level 

and electron occupancy of the CCB
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22 (2012), 4278

Sasao et al., AIP Conf. Proc. 

1869 (2017), 020005< 2.7 eV

Kim et al., J. Phys. Chem. C.

111 (2007), 8403

Kim and Hosono, Phil. Mag. 92 (2012), 2596

Promising new electride material: C12A7:e−

Fabrication by the replacement of encaged oxygen ions in 

the ceramic C12A7 by electrons:

[Ca24Al28O64]
4+(O2−)2 [Ca24Al28O64]

4+(O2−)2–d (e
−)2d

0 ≤ d ≤ 2

C12A7 cage 

structure

(Hosono et al.)

Experimental setup

General diagnostics:

▪ OES → nH, Tgas, Tvib, Te

▪ Langmuir probe → fpl, 

EEDF, ne

▪ RGA → gas composition 

and impurities

Lab experiment ACCesS (planar ICP, 27.12 MHz, 600 W max.)

Equipped with absolute work function measurement system

Vacuum operation:

▪ Pressure: ~10-6 mbar

→ GH2O ~1019 m-2s-1

▪ Controlled heating up 

to max. 1000 °C

H2 / D2 plasma operation at ion source 

relevant parameters:

▪ Electrons: ne ~ 1016 m-3, Te ~ 2 eV

▪ H3
+ / D3

+: G+ ~ 1020 m-2s-1, E+ ~ 10 eV

▪ Photons: G(V)UV ~1019 – 1020 m-2s-1

E(V)UV = 3 – 15 eV

▪ Atoms: GH,D ~1022 m-2s-1, TH,D = 550 K
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Fowler theory:

𝐼ph ℎ𝜈 ∝ 𝑇surf
2 𝑓

ℎ𝜈−WF

𝑘B𝑇surf

𝑇→0K
∝ ℎ𝜈 −WF 2

Fowler, Phys. Rev. 38 (1931), 45 Fischer, Surf. Sci. 13 (1969), 30

Empirical evaluation:

𝐼ph ℎ𝜈 ∝ ℎ𝜈 −WF 𝑛 with 𝑛 > 2

n =3
n =4
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Results – H2 / D2 plasma exposure

Short-term plasma exposure: Similar behavior for both samples

Long-term plasma exposure: performed with IKTS sample

Application of bias potential: performed with AGC sample

Analysis of the samples after plasma campaigns

▪ Change of color in direct contact with the sample holder

▪ Flake off of pieces at the clamp positions (thermal stress during annealing)

AGC sample:

Islands of molten-like 

structures: synergistic effect 

of bias + UV irradiation?
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Immediate WF 

reduction due 

to short plasma 

pulse

After few hours of 

initial plasma 

conditioning:

WF = 3.2 ± 0.1 eV

Degradation due to 

residual gas 

adsorption

→ Short time scale:

0.4 – 0.6 eV / h

→ Next day: 3.8 eV

Short plasma

pulse sufficient to

(re)obtain 3.2 eV
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Steady-state work function:

2.75 ± 0.1 eV

→ Stable for a total plasma-

on time of ~ 10 hours

Rear

side:

IKTS sample:

SEM analysis of front 

side: no difference 

before / after campaign

Front

side:

Rear

side:

Front

side:

Both samples:

G+ < Ge

Beneficial impact 

on WF

G+ > Ge

Adverse impact on 

WF → Electron-

deficient cages at 

surface layer?
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Friedl, Rev. Sci. Instrum.

87 (2016), 043901

WF 

evaluation

Fowler theory does 

not necessarily 

match the pro-

gression of the 

photocurrents well.

𝑇holder
max = 810 °C

𝑇surface
max = 700 °C

▪ WF decrease due to 

annealing

▪ Indication of impurity 

desorption by RGA:

H2, H2O, N2 / CO, CO2

▪ Fast WF degradation 

during cool down

 Required annealing temperature 

for first use of AGC sample is 800 °C.

https://en.wikipedia.org/wiki/Dodecacalcium_hepta-aluminate#/media/File:Calcium_heptaaluminate_str.png

