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Surface caesiation for the enhancement of H™ production

Increase of negative ionization yield of H and H," on surfaces by decreasing the work function
- Work function decrease of extraction electrode surface at ion sources via Cs adsorption

Caesiation in non-UHV: Plasma interaction with caesiated surfaces:
Co-deposition of Cs and Cs redistribution, change of chemical composition
residual gases
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Non-pure Cs layer

Non-pure Cs layer

Refractory metal (Mo)

Refractory metal (Mo)

» Pronounced temporal work function dynamics = S. Cristofaro et al., Plasma Res. Express 2, 035009 (2020)
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Experimental setup ACCesS
ICP experiment equipped with in situ work function diagnostic
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Experimental setup ACCesS
ICP experiment equipped with in situ work function diagnostic

= = = 1 Matching 4 )
P « 1 network Cs oven:
RF generator | | A Faraday .
600 Wmax.) [ K solenoid nozzle §
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Gas inlet
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Cs reservoir

Cooling plate

L = S, Cristofaro et al., Rev. Sci. Instrum. 90, 113504 (2019) )
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Experimental setup ACCesS
ICP experiment equipped with in situ work function diagnostic
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- Heatable up to 1000 °C
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Experimental setup ACCesS
ICP experiment equipped with in situ work function diagnostic

Photo-
diode
RGA <—
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Quartz
| \Liewport
Tunable light
source
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Tunable
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= 30V
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head

(Eqn) = 5.04 — 1.45 eV
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g} Picoammeter
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Diagnostics:

>

Work function (WF) via photoelectric

effect (Fowler method)

- Improved threshold sensitivity
= A, Heiler et al., AIP Adv. 12, 035339 (2022)

» Neutral Cs density via TDLAS

» Gas composition monitored with RGA

» Plasma parameters:

 Langmuir probe (/3.)
- OES (/})
* VUV diagnostic (/y)

= R. Friedl et al., A flexible diagnostic system
for the quantification of VUV fluxes emitted
from plasmas, submitted to Meas. Sci.

Technol. (2022)
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Upgrade of ACCesS experiment
External ICP source for selective exposure to hydrogen plasma species

i RF generator Pressure Fluxes onto caesiated surface from
(27.12 MHz, 600 W max.) - 7 9auge > external source (ES) (10 Pa /400 W)
L -0 » plasma in main vessel (Main) (10 Pa / 250 W)
. 102
Matching '+ _| " § | 6.6-8.4¢€V ;
network ! 7] = 1020 U4 102ev
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S 102}
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o 107 S
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Selection of plasma species = 10YE 7'
(H, H,*, VUV photons) using = o
magnets and a MgF, window 10 ES Main ES Main
Pos. ions VUV
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Caesiation under vacuum conditions of 10°° — 10> mbar Q © o

: : a2 On,
Formation of ultra-low work function layer on Mo —_—
= A. Heiler et al., AIP Adv. 12, 035339 (2022)
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g £
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_ 110 @ Presence of Cs submonolayer coverage can be excluded:
] [}
3.5 _ 'ff) » WEF,,, achievable with Cs coverage <1 ML = 1.54 eV
% i l 1014 @) Swanson and Strayer, J. Chem. Phys. 48, 2421 (1968)
S 3.0 : = > No WF increase with increasing Cs fluence
= - 1 )
é 25 0% =z » Cs coating visible by eye
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Caesiation under vacuum conditions of 10° —

Compilation of various caesiation processes

= A. Heiler et al., AIP Adv. 12, 035339 (2022)
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Excellent reproducibility:

» WF ~ 2 eV with Cs densities
~ 1014 m-3

» WF=1.2-1.3eV with Cs
densities = 10> m?3,
corresponding to a flux ratio
of Ieg/,0 = 5%1073

At BUG and ELISE ion sources:
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Degradation under vacuum conditions of 10°° — 10> mbar ‘Q@ O
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Impact of hydrogen plasma species on the WF of caesiated surfaces
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Impact of hydrogen plasma species on the WF of caesiated surfaces
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Impact of hydrogen plasma species on the WF of caesiated surfaces
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Impact of hydrogen plasma species on the WF of caesiated surfaces
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Impact of hydrogen plasma species on the WF of caesiated surfaces
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Impact of hydrogen plasma species on the WF of caesiated surfaces

N

AN

8

Mo| — Caesiation|— Degradation — Reactivation o

(no Cs evap.) 2

4.5 . _ - E

| - ! ! during | =

4.0 | : : several : 2

I I days I %

[ | | | q>_)

35¢ ' . after T ' 4 \  E

? | | : few : VELJV Influence of >
= 30l : . hours | L VUV VUV Ny photonic, atomic c
S _ | | T | . + as well as ionic £
= I I 1 I + . . =
S 25¢+ . . . l H interactions on the S
=] | | I H* . >
v : . . . T X WF of caesiated 2
S 2.0y ~»Bulk Cs 7////////////;////// SIS //////;////// - ///////////{////////, surfaces '%
; . 1 1 1 T \§ J c
i | | | =

)]

15F ! ! I Q

| AT | g

I L I I E)

L0} i ! | £
0.0 <

G

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | ADRIAN HEILER | 03-10-2022 NIBS'22 9/15



WF of caesiated surfaces upon H, (D,) plasma exposure
Conditioning with short plasma pulses
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WF of caesiated surfaces upon H, (D,) plasma exposure
Conditioning with short plasma pulses and Cs evaporation
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Reliable retrieval of ultra-low WF

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | ADRIAN HEILER | 03-10-2022 NIBS'22 11/15



WEF of caesiated surfaces upon H, (D,) plasma exposure

Durability of ultra-low work function layer

Il H, plasma D, plasma
Cs density ~ 10*°* m
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Ultra-low WF layer only

stable up to H, (D,) plasma

exposures of ~ 1 min

—> Hints for temporal
deterioration of ion
source performance

NIBS'22 12/15

~~
AN
AN
o
o
(@)
S
-]
o
2
(@)
=)
<
Y
o
P
=
2
S
o
2
C
-
+—
@
°©
)
=
S
O
>
(7]
%)
0
)
e
+—
Q
e
ol
o
2
[
L
<



WEF of caesiated surfaces upon H, (D,) plasma exposure
Steady-state plasma operation

Neutral Cs density during plasma pulse / m

Neutral Cs flux during plasma pulse / m?s?
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Development of WF diagnostic for ion sources using LEDs || [%ene

J. Berner

Proof of concept at BUG test facility (session 2)

Switch-

board » Langmuir probe used as

photoelectron collector

Fiber-coupled LEDs:
(Epn) =3.22-1.13 eV
FWHM = 15 — 30 nm

Driver |
i il > Picoammeter used for
photocurrent measurement
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- Measurements possible
during plasma-off phases

Measurement during Cs conditioning procedure: Plasma grid

< 60 head I Bias plate
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£ 40 . E 0o | 1.2 eV chamber
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Summary and outlook

» Caesiation under vacuum conditions of 10® — 10-> mbar:
* Reliable formation of Cs layers with ultra-low WF in the range of 1.2 — 1.3 eV
* Figure of merit: /13,0

» WF of caesiated surfaces influenced by impinging VUV, H and H," species

» WF dynamics of caesiated surfaces upon H, (D,) plasma exposure:
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