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Motivation

= In driver region a plasma is generated, H, H,, H,* and
e are being transported to the plasma grid (PG)

= At PG surface H- are generated by conversion of H & H,*

= Where and how do particles reach the PG?

- Knowledge of positive ion flux is crucial for optimizing
lon sources

- Mach probe (MP):
determine Mach number and orientation of positive ions
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Mach probe (MP)

General measuring method

= Determine flow velocity by comparing ion saturation
current on opposed contacts (I,psyream: ldownstream )

= Determine flow orientation in 2D:
At least two contact pairs

Calculation of Mach number M:

M = v L 1 It Iupstream
S K n I v: absolute ion flow velocity
Cs.i downstream

Csi- ion sound velocity

3/13 | 03.10.2022 | NIBS22, Padova, Italy | Vinzenz Wolf

z

P .-
e

upstream-

collection angle.~ contact _

(0)%

X/ insulator rod

- -
- o

X
“_2 ﬁ
V\ downstream-
contact
2
N

WNA



Experimental approach

Overview

= Two — Step approach:

1. Characterising Mach probe in versatile ;
lab experiment (Uni Augsburg) NS 40 cm

2. With lessons learned, design new probe and
apply it to ion source (IPP Garching)

magnets (removable)

gas inlet
= Step 1: Lab experiment (CHARLIE):

— ICP — discharge, plasma is expanding in stainless

steel vessel
— H, — plasma at low power, pressure in pascal generator:

range 1 MHz, max. 1kW
— Additional diagnostics for plasma parameter y

determination: Langmuir probe, OES }L}

X
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Experimental setup

Lab experiment (CHARLIE, Uni Augsburg)

= Recommissioned Mach probe:
— L-shaped geometry: Four-Pin-Probe can be rotated up and down

— Contact sensitivity correction: Symmetry point needed

= Recording of full I -V characteristic: T, and n, accessible

A r |
= Calibration (=%, Zdebye g Tprobe oqnqidered):

e Tprobe Tlarmor

According to Hutchinson model*:
- For |B| =0: K=1.34
- For |B|=B,=8 mT: K=1.37

11. H. Hutchinson, lon collection by a sphere in a flowing plasma:
1.Quasineutral, Plasma Phys. Control. Fusion 44 (2002), 1953.
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Results

Lab experiment (CHARLIE) — density distribution and flow velocity & orientation
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Fick's law: [ = -DVn

—> density gradient leads to
according flux

—> Both density gradient
and flow velocity
increase with distance
to plasma centre
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Results

Lab experiment — density distribution and flow velocity & orientation with magnetic field

H,, 3.0 Pa, 800 W
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- Plasma drifts due to
magnetic field and
gradients in Xx:

ExB: vp=

diamagnetic: _.  _
R Vp X B

Up = —
b enB?

grad(B):
2

R mvlé N
vD:_28B3VBXB

—> Drift down for positive ions
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Results

Lab experiment — density distribution and flow velocity & orientation with magnetic field
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> Plasma drifts due to
magnetic field and
gradients in Xx:

R EXB
ExB: vp= B2
diamagnetic: _ = _
R Vp X B
Yp =" qnB?
grad(B):
R mvi — _
Vp = _ZqB3VBXB

—> Drift down for positive ions
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Experimental setup

lon source (BATMAN Upgrade, IPP Garching)

= Step 2: new probe design, linear four-pin Mach probe

= |ncorporating lessons learned at lab experiment:
— Rotatability used for correction of contact sensitivity imparities

— Langmuir probe (LP) at the tip with RF compensation electrode
(simultaneous determination of T, N, N, Vioat Vpiasma)

A r |
= Calibration (=, Zdbye g Tprobe qngigared):

e Tprobe Tlarmor

According to Hutchinson model*:
- For |B| =0: K=1.34 LP
- For |B| =B, =6 mT: K=1.38 3.0

. 10.0
2 0.3

: 21.8
|

11. H. Hutchinson, lon collection by a sphere in a flowing plasma:
1.Quasineutral, Plasma Phys. Control. Fusion 44 (2002), 1953.

RF compensation
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Experimental setup

lon source (BATMAN Upgrade)

Diagnostic ports Expansion chamber:

Plasma grid used for first tests 32 x 59 x 23 cm?3
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Results

lon source (BATMAN Upgrade) — density distribution and flow velocity & orientation (|B| = 0)
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Successfull probe commissioning:

Flux and plasma parameters can be derived with
new device

—> First results obtained

- Flux oriented towards PG with mostly uniform
velocity

—> Radial oriented density gradient (n, & n))
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Results

lon source (BATMAN Upgrade) — density distribution and flow velocity & orientation (|B| = B,)
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Summary and Outlook

Lab Experiment: lon Source;
; and [emz OX horizontal / cm
- Positive ion flux - MP commissioned at ion T
determined source v’ |

successfully v
- First results obtained v

- Lessons learned for

new probe v
30
Qutlook: L I
. ALTLT i b
- 2D array scans (see right, B = 0) | 15 / 7
| y / o 20
l =l | :
> Measurements in expansion region < //,/ / //09
\—\,,\ﬂ . \ 15
- Benchmark fluid simulation T~
WND
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