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Microwave Plasma/lon Source TEAM

» We are three (small team), but still young
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SMASHI

» SMASHI (Superconducting Multi-Application Source of Highly-charged lons)
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Design Features of SMASHI
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Design Features of SMASHI

» 2.4 T By max) 1-5 T (Bex,max)» 0-4-0.6 T (B,,)
-> “Liquid He-free” high field magnet and its flexible tuning
- Very low power consumption (200 =15 kW)

» 1.28 T of high radial field (permanent magnet hexapole)

» Two frequency heating (18, 18 +A GHz)
2 set of TWT (Max. power=650 W) can give 1250 W

» Capability to generate at the same time diverse ion elements from gas to metal

» High power-capable Al plasma chamber (382 x460 mm=2.2 liter)

» Movable extraction-einzel lens system (15-30 kV) for low beam emittances

» Two diagnostic ports for diagnosing the extraction region of plasma
NFERIF8uaTs
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Design Features of SMASHI

N 21T (Byymax)r 1-5 T (Bext max)» 0-4-0.6 T (B1)

-> “Liquid He-free” high field magnet and its flexible tuning

- Very low power consumption (200 =15 kW)

» 1.28 T of high radial field (permanent magnet hexapole)

» Two frequency heating (18, 18 +A GHz)

Main parameters of magnetic field

2 set of TWT (Max. power=650 W) can give 1250 W

» Capability to generate at the same time diverse ion ele

» High power-capable Al plasma chamber (382 x460 m

» Movable extraction-einzel lens system (15-30 kV) for |

» Two diagnostic ports for diagnosing the extraction regi

f(GHz)

B

Bext, max (T)
Beor (T)
Brag (T)
Biast (T)
Brin (T)

18, 18+A (Two frequency)

2.1 Bin/Beo= 3.4 - 4.4
1.5 Bey/Brog= 1.2
0.65

1.28  B,y/B., ~2.0

1.3 Blocy/Beo = 2.0

0-4'0.55 Bmln/Brad = 0.3 - 0.4
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Purposes of 18 GHz SMASHI at NFRI (1)

» Development of Advanced high-performance ECR ion source
1) Studies on ECRIS Plasma

2) Development of compact high-performance ECR ion sources

for material(surface) interaction and/or compact heavy ion therapy

» Highly-charged lon Matter Interaction by using well-defined ion beams

1) Investigation of various highly-charged ion-surface interaction
2) lon beam studies & development of new fusion reactor material (C, Be, W...)

3) Highly-charged ion induced products (X-rays, highly-excited neutrals)
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Setup of SMASHI & LEBT

» SMASHI(SC Multi-Application Source of Highly-charged lons) & |ts LEBT

Injection side Superconducting magnet Extraction side |« 1.4M
= —3 - ST1
= Coon e : Dipole Magnet
Bellows = : p 14

SL 1 - I 4 <
21M

i
Beam Diagnostics-1

) Plasma Linear guide ~—<+——— '
Metal gas valve electrode Einzel lens 1 (EZ 1) G - ;
Dielectric break \J . (I SL2
Extraction ¥ =i

Movable sputtering system Injection clectrode

Motor control

system MPI: Slit-FC system 2
oy

- . i sties -
EZ=EinZel lens Beam diagnostics 2 Einzel lePs 2
ST=STcering magnet (EZ2)
SL-SLit )
BPG = Beam Profile Grid = 512
FC = Faraday Cup
G/V = Gate Valve .

MP2: Wire scanner =

Dipole Magnet: -
Bending radius=400 mm |
Resolution = 150 BPG/Emitlance meter = i

Pole gap = 60 mm
Double focusing (nominal focal length=0.8 m) Beam diagnostics 3

q
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Beam charge spectra from SMASHI

» Preliminary beam charge spectra of He/C/0O/Ar beams
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» Preliminary results of beam charge spectra from SMASHI (B, .

Initial Beam Results

=1.7 T, Max. power=600/900 W)

Operation conditions

ch 4He IZC 320 40AI" I32Xe
arge 500 W | 500 W [ | kwT | 500 W [ 500 W | 840 W [ 500 W | 900 W
I+ 910 200 47
2+ 900* | 210 85
3+ - -
4+ 100* 206*
5+ 25 49| 184
6+ -| 202%
7+ 43 70 105
8+ 4.3 120* | 200*
9+ 78 138
[0+ 41 75
I 1+ 18 31
12+ 5 9.4
|3+ 1.2 2
|9+ 2.7 25
20+ 2.5% | 23*
21+ 2.3 22

* optimized charge, T under small vacuum leak

Max. TWT Power = 600 W' + 300 W?2
Input power was limited to ~900 W due to
high X-ray dose rate(>0.5 uSv/h) at operator
position

B,=1.7T (80 %),B,=1.3T,B,;,=0.5T

ext

Extraction voltage < 20 kV, 8 mm
aperture

Biased disk voltage = -(200~600) V
Stainless steel plasma chamber & No gas
mixing

T Carbon beam was obtained under small
vacuum leak (plasma chamber)

See the poster WEPP16
for more information
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Newly developed Liquid He-free SC Magnet (SM 2)

* OM CL design

* 1.5W@4 K GM Cryocooler e HTS Lead

e Anti-vibration
* SC Cooling

Connection & Anchoring
* Quench protection

e SC wires
- Low AC loss
* Thermal insulating _ Fast ramping
supports (Carbon fiber _ ,
- High B-field

e Minimization
of unbalanced EM force

* 40 K Radiation shield

* Brazing & welding
between different materials

* PM Hexapole

Liquid He-free SC Magnet for high field 18 GHz ECRIS



SM 2 is for Fast Coil Excitation & Tuning

<SM I: Previous>
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© " B )
> T oy (13)
(1) 34 cm — : =] n
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(a) A newly-upgraded SC magnet capable of fast-ramping & higher magnetic field compared with the previous SC magnet:
(1) S.S. Bobbin (previous: OFHC bobbin), (2) SC coil, (3) Thermal link, (4) HTS lead, (5) Radiation shield, (6) ML thermal
shield, (7) Thermal insulating support, (8) Vacuum chamber, (9) Iron yoke, (10) Current lead, (11) Anti-vibrator, (12) 4 K
Cryocooler, (13) Quench protection
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How to get fast coil excitation

New (SM II) Previous (SM I) Expected Enhancement
Coil bobbin
Material 1SUS304 OFHC Copper id:}’:fggg("';z'gsf 5 007
Superconducting wire
Superconductor | NbTi NbTi
Wire diameter | @ 0.8 (mm) 1.2%0.75 (mm) ysieresis 510
Filament = Diameter=10.4 (um) * Diameter=100 (um)
= 2Number of filament=1740 |= Number of filament= 54
= Twist pitch=18 (mm) * Twist pitch=42 (mm)
Matrix Oxygen Free Copper Oxygen Free Copper iozloéyr:‘ljjrreer;tjl-o;sjzl/ 4
Cu to SC ratio 32.4 1.3
Minimum RRR 100 70
Min. Ic at 4.2 K lcat5T 420 (A) lcat7T 510 (A)
lcat6T 330 (A) lcat8T 362 (A)
lcat7T 250 (A) lcat9T 230 (A)
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Coil Excitation Results
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Test results of excitation/de-excitation speed (10 times higher)
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Coil Excitation Results
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Magnetic field obtained

w/o small yokes
o w/o small yokes

w small yokes(calculated)
s w small yoke (measured)
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B-field profiles from the new fast ramping SC magnet Il



MeLA ion source




MeLA ion source

» MeLA (Magnet-embedded Lisitano Antenna): High Current Metal lon Source

Faraday cup

DC break 2 45 GHz Magnetron

. |/ 5 electrode
Wire scanner (Pentode)

extraction

» Matcher

. Metal target
" sputter

P

e

i fm«‘mmi/m

B S 9
d| o=
> \

High current metal ion source NER|Zsuans
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MeLA ion source

» MeLA (Magnet-embedded Lisitano Antenna): High Current Metal lon Source

Faraday cup

DC break 2 45 GHz Magnetron

. |/ 5 electrode
Wire scanner (Pentode)

extraction
Magnet-embedded & WG directly-coupled

» Matcher Lisitano Antenna

. Metal target
" sputter

TTE

Tapered
Waveguide

e

Magnet-embedded Lisitano antenna

High current metal ion source NER|Zsuans
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Antenna

Magnet-embedded & WG directly-coupled Lisitano Antenna

Water in —3 ,—» Water out
i 2 >

> Waveguide window

Tapered “ ° ] ° -
Waveguide il
slit Magnet-embedded Ny
Lisitano antenna Wi Permanent magnet
= arrangement
Iron yoke
= Antenna diameter=0118 mm
= Number of slits= 11 = Number of magnets= 18 at Up/Down & 11 at Middle

NER|Zszesa
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Where is MeLA from? (1)

» MelA was actually developed for a new plasma source by our team

1) By using the proper magnet arrangement,
Asymmetric profile can be reduced
because fast electrons drift along the inner
wall of the antenna.

water-cooled

Inner conductor .
ceramic

water-cooled insulator
large diameter
coaxial line

2) The power limitation* can be solved
by using an actively cooled,
feedthrough-free, large diameter

Antenna
body

permanent

slot
magnet coaxial launcher or further waveguide

direct coupling.
* Conventional Lisitan antenna has a limitation
of power launching capability (< 1 kW),

NER|EaszaTa
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Where is MeLA from? (2)

» Two kind of Antenna excitations

(1) Coaxial excitation (2) Waveguide excitation

TH.J.You, Y. H. Jung, S. W. Jang, and B. J. Lee "Permanent magnet embedded Lisitano-coil driven
antenna for large-area uniform plasma generation" Patent 10-2009-78248 31 August 2009.

NER|F1agadys
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Where is MeLA from? (3)

» MelLA has been used for a plasma processing

Lisitano coil Slot

N\

Coupling rod
Coolant in

ex) Copper barrier/seed Layer)

Neutralizer

Sputter Sputter Coolant in Waveguide
o o
£ = Magnet
@ @
i £
o o
o L=
c c
=S =
‘o o
jr} r}
@ Eneretc 2l PECVD
neutral particle Lo @)
A 351 ',*..‘Q,? !, 3 % S

Etching
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MelLA as a metal ion source

» MeLA’s competitiveness as an metal ion source

Usual method: filament type(<10 pA)

RF Magnetron —— e
ing Source m N ﬂ
Metal Target
Metal Atom
High Vacuum = n
Pump e
-
AcElectiode ) % M filament
>
) ey P——
Electron Collision U 4 >
/
lonization —ﬁfa on
Accelerating aa D DM V‘onaw =
Electrodes . D D 4
Metal lon Ro:zu!! l \\ -
High molecular
substance
)) =
Roll Jig T &
o~
Demerits

° Short life (~100 hours)

Disk type filament

T

F

Cone type filament

Spiral type filament

o Difficulty to generate various metal ions
° Low plasma density (Beam intensity <10 pA)

New method: MeLA ion source(®>| mA)

Magnet-embedded & WG directly-
coupled Lisitano Antenna

Waveguide

PM-embedded
Lisitano antenna

Advantages of MeLA ion source

° Longer life & various metal ions
. metal antenna better for metal ion beam

> High density (10'2.cm3)> 10 mA
° Low operating pressure < | mTorr
o Scalable (small to big size: 10 cm<Il M)

41
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MeLA ion source at NFRI

» MeLA for High Current Metal lon Source

R
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Magnetic field measurement
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Combination of MeLA & Sputter B-field

MeLA B-field lines Z \ | ‘
A

oY/l Ciosed drift motion

B->->-ahkc- § - of fast electrons -

pepepmard s M. (Plasma confinement)
L IR

P

Magnet configuration R Rt ?:::* ' {{ e

AAAAA R = SR ‘{)‘,/1 .
of the DC/RF Sputter gun i U A S
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First Plasma We Get
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First Plasma Generation

» Generated plasma for argon gas

1 kW, 2x107* Tory

—

2 RW, 4x107* Tovr

2 RW, 2x107* Torr

— —_



Measured plasma parameters

» Plasma densities & temperatures along the antenna axis for argon plasma

See the poster WEPP17
for more information & results

1 ' 1 ' 1 ' 1 ' 1 1 ' 1 ] 3-5

i Operating pressure: 1 mTorr ° o _: 3.0
/O Q/l:l ]
<—EEI o— ° 3

i 12.0
800 W ]

L | —=—1200W 1 1.5
—— 1600 W ;

11.0

10.5

n, (cm=3)



Pentode Extraction Structure

Repeller

Ground electrode

Plasma
electrode

Ground electrode

Pentode (5-electrode) extraction (based on the extraction structure of Saclay/CEA source)
Plasma electrode (100 kV), Puller (50 kV), Ground electrode 1 (O kV), Repeller electrode
(<-3 kV), Ground electrode 2 (0 kV)
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Pentode Extraction Structure

Repeller

Ground electrode

Plasma
electrode

Ground electrode

Pentode (5-electrode) extraction (based on the extraction structure of Saclay/CEA source)
Plasma electrode (100 kV), Puller (50 kV), Ground electrode 1 (0O kV), Repeller electrode
(<-3 kV), Ground electrode 2 (0 kV)
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Summarized Features of MelLA
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Summarized Features of MeLA

» Easily-coupled ECR plasma—> High current ion source
» Free scalability of ion source size (antenna)

» Side-excitation by a Metal antenna

-> Capability to generate diverse gas to metal ions.
-> Metal ion production by locating metal target on-axis. 1 0
» Waveguide directly-coupled (power capability >2 kW) U U

I
C 5 il
& 5 B [.CI,H ﬁ

» Permanent magnhet-embedded antenna
->No electric power & water cooling for magnet; so, No high-voltage platform

» 5-electrode (pentode) extraction geometry (100 kV) for high current space charge-
compensated beam & low beam emittances (High brightness)

» Low operating pressure < 1 mTorr (small gas/metal usage)



Commissioning schedule
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Commissioning schedule

» More plasma study: Sep./2016
1) Plasma characterization by diagnostics
(optimization of sputter position)

2) plasma density at extraction region
plasma electrode position)

» Extraction system commissioning: Nov./2016

1) Optimum extraction field with plasma condition
2) All power supplies are ready to be used.

3) High-power FC, BPM are ready, &
Emittance scanner is in fabrication.

» First beam results are expected in Dec./2016
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(Thank you so much)
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