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d : geometrical

distance
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the EG

the PG and I I

Control of effective distance d. between the Plasma Grid (PG) and the Extraction Grid (EG) [l
(or equivalently the position of the plasma meniscus)
is very important to obtain good beam quality
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Perveance Matching
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Plasma meniscus : Convex 4y Plasma meniscus : Concave [M
comes out towards the EG penetrates into the source region

Extracted beams : diverged Extracted beams : converged but
over focused
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%, « Parameter dependence of the effective distance d. between PG and EG [

(or equivalently the position of the plasma meniscus)

What are the key parameters to determine/control d_?
How d i depends on these key parameters ?
How to control the plasma meniscus ?

For ordinary plasmas with only positive ions and electrons: well-known simple theory tells us:

1/2

450 2e V32 j I/ extraction _\/oltage V3/4
(1) deﬁ — _ /5 ion saturation current ex. deff oC — (2)
9 |\/|i Js M ion mass N

However plasmas including negative ions :
key parameters and dependence are still unclear

Final purpose of this study is to make clear
key parameters and

dependence of d on these key parameters
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3D PIC Model (Model Geometry and PIC Basic Eqgs.)

ya L Model Geometry _ 3D Electrostatic =
o Cylindrical Plasma Grid (PG) PIC Basic Egs.
Plasma @ _
Chamber I Extraction Eq. of Motion
r Hole dv
[ | |( tonsowee | BLAT T e [E+(v,xB)]
Z Plasma | “ (3) dt

\ | Extracted + Monte-Carlo Collision
\; H ion Beam

(j=H", H, electron)

»
|

\ 4 £=0 Z (mm)

_ . . Poisson’s Eq.
Numerical Domain of 3D PIC simulation
for a Hydrogen Negative lon Source
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[1] S. Nishioka, et al., J.Appl.Phys. 119, 023302(2016). °
[2] M. Lyndqvist, et al., J.Appl.Phys. 126, 123303(2019). D= Zejnj
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w30 PG Model (Model Geometry and PIC Basic Eqs.)

“, -« Cross Sectional View of 3D PIC Numerical Domain Basic Input Parameters
I for Plasma Source Region

Positive\

\Source Region/ Surface

[ @ | BEIENGEIGIR Values used for PIC
I lon . | simulation
| @@ | Plasma Density 1.0x108 m3
Negative B
| @ lon magnetic ' ‘ | Electron Temperature  3.6eV
|| Volume field I
| ~ Elestion Z | H+ and H- lon 1.6 eV
Temperature
| Plasma
| e :H+:H2:H3+*H- 59.9:45:4.5:11.3:0.9
[ [

t Plasma chamber : V=0 e Surface production rate is changed to
EG-sid study effects of the H- density.
U_p-stream Cal SII et' Plasma density at the sheath entrance
sélde ; Bsuc:d:rl;"'] is kept as almost the constant.
oundary : -
V=0 g V=7 KV



wwer Reasult 1 : Comparison of n,, Density Profile and Plasma Meniscus

@ Case A : small surface H- production Case B : large surface H- production -
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Ordinary Plasma without H-ions m) effective distance d; ocV**/n'

For both cases, the extraction voltage V and plasma density at the sheath edge n
are kept the same: V =7kV, n=0.75x10"%m"

d. : larger with small surface H- production (Case A)

However, plasma with H-1ions » der : smaller with large surface H. production (Case &)



«ouen RasuUlt 2 1 2D Profile of Potential near the Extraction Hole

w _ Equi-contour of Electric Potential near the Extraction Hole ]
Case A : small surface H- production Case B : large surface H- production
potential dl potential
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Ordinary Plasma without H- ions » effective distance dg ocV>'*/n*?

For both cases, the extraction voltage V and plasma density at the sheath edge n
are kept the same: V =7kV, n=0.75x10"¥m>

d : larger with smaller surface H- production (Case A)

However, plasma with H-ions _ _
d; : smaller with larger surface H_production (Case B)

Why ? What is the key parameter for the effective distance d_4? 7
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Result 3 : Spatial Profile of Electro-negativity (2 =n,_/n,)

- Case B » Case A Case B : High o near the extraction hole
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Electro-negativity a : case A — low case B — high

deff with surface H- production is largely depends on Electro-negativity a
neat the PG.
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Modeling of NIFS R&D H- source by K. Miyamoto, et al.(Poster #17) g

Main Plasma Parameters for 3D PIC simulation

Electron Density
Electron Temperature
H+ lon Temperature
H- lon Temperature

H2 molecular density

H2 molecular Temperature

H atom Temperature
H/H2 Density Ratio

a.
b.

1.8 X101 m3
0.8 eV
0.3eV

0.1eV (Molume Produced H-)

1eV/0.25eV
(Surface Produced H-,
Initial Energy/Temperature)

1.88 X 1019 m-3
(equivalently 0.3 Pa)

0.1eV
0.3eV
0.5

x

< 5 &£
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Systematic 3D PIC modeling of
H- extraction for the
NIFS R&D H- source

Detailed Information
ex. Model Geometry of
Plasma Chamber
PG (Plasma Grid)
EG (Extraction Grid)
AG (Acceleration Grid)
m) Poster Presentation

Poster #17 K.Miyamoto et al.:

“ Study of negative ion beam
emittance Characteristics
using PIC-MCC simulation”



Modeling of NIFS R&D H- source by K. Miyamoto, et a/. g

[ Spatial Profile of H" lon Density Ny, near the Extraction Hole
(with Volume and Surface H- production)
Case A : Low O near the extraction hole Case B : High a near the extraction hole
My (X Ngg M) N, :Ny.=7:3
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In Case B, i.e, in High-0L case,
plasma meniscus is more pushed towards outside, i.e. towards the EG.

Position and shape of the plasma meniscus largely depends on Electro-negativity o neat the PC.
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Electronegativity (a

Modeling of NIFS R&D H- source by K. Miyamoto, et a/.
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1D Spatial Profile of Electro-negativity (. =ny_/n.) along the z-axis
(with Volume and Surface H- production)

400

350

300

250

200

150

100

50

25

30

Ne:NH-=9:1
Ne:NH-=7:3

z (mm)

35

[¢]
7 ; &

(o - &
/1,% ‘133 8 ro}
2 CLAMO

Case B : High o near the extraction hole
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Modeling of NIFS R&D H- source by K. Miyamoto, ef al. g

Bl Equi-contour lines of Electric Potential near the Extraction Hole
(with Volume and Surface H- production)
Case A : Low Ol near the extraction hole Case B : High o near the extraction hole
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In Case A, i.e, in Low-0L case, EG voltage penetrates more deeply into the plasma source region,
while, in Case B, EG voltage is well shielded, and not so deeply penetrates into source region.

Electro-negativity o near the PG is a very important parameter to control the plasma meniscus.
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Comparison with Simple Analytic Theory (by .K.Miyamoto) g

Inside the source Jex Outside the source
=> Current through the sheath Joat = (between the PG and EG)
Iy = Ity > => Total Extracted Current
sa e - —
(ion saturation current) current Je=J Mgy, &
*including effects of H- ions continuity (Child-Langmuir current)

@

Effective distance d.; between the PG and the EG (J.,,=J%%)

1 (M. 1/4 1 1/2 |\/|i : fon mass
d l = | V¥ (3) M, : electron mass
et & 112 ne : :
Nig m, 1 i0 : H+ ion density (niO ~ N+ ﬂH_)
electro-negativity \V : extraction voltage
n a - lower d — larger : plasma meniscus penetrates deeper into the plasma
o e i _ eff 5
n, a — higher  dgrr — smaller . 5j55ma meniscus penetrates shallower into the plasma

Electro-negativity o near the PG is a very important parameter to control deﬂ: (the plasma meniscus).

For the case with surface H- production, K.Miyamoto has also derived
the expression for deff and also strongly depends on the electro-negativity o .
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Summary

1,= Using 3D PIC Simulation (Keio-BFX code) and simple Analytic Theory u
Effects of H density (density ratio of H- ions and electrons) have been studied
on

- Plasma shielding distance of the extraction voltage into the source plasma
l.e. Effective distance between the PG and EG : deff
- Plasma meniscus

- Ordinary H*- electron plasma (plasma density : n=n,~n, )

Plasma with surface produces H-ions ( H density n,_and n=n~n_+n,)
d. : largely depends on the ratio o =n,,_/ n, around the extraction hole

{ a B)low : Ay W) large }While [0{[{> high : o ) small }
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Summary

- The same tendency has been obtained by another 3D PIC simulation
(by Miyamoto) for the NIFS H- R&D source

- These PIC simulation results are also supported by comparison with
simple analytic theory of the effective distance between the PG and EG
(developed by K.Miyamoto)

- These simulation and theoretical results suggests :
- Control concept of the effective distance d .« / meniscus shape
(in other words how to get the perveance matching)

In the plasma with H-ions is shown to be largely different from
In the ordinary plasma without H-ion

- One of the key control parameters is
the electro-negativity (density ratio n,,_/n,_ ) around the extraction hole
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