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Other Ion Sources ???

Not : ECR, EBIS, RF,
Fusion, Laser, MEVVA,
Radioactive , Breeders,

Medical, Multi-beam ...

What to do ???
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Tons for the industry
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Ions for the industry
Ton Sources : the accelerators versus the industry

- Accelerators :
Emittance, Intensity, Efficiency

Throughput, Tunability, Cost
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Other Ion Sources - Ions for the industry
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Ton Sources for Industry : the fields of use

- 1 - Focused Ion Beams:

Focused Ion Beam for the nanotechnologies (FIB)
Ton beam figuring for optical components (IBF)

- 2 - High Intensity Beams for MicroElectronics
Ion Sources for implanters

- 3 - Broad Beam & "Ionic Machine" for the Industrial Coating

Ion Source for Sputterring
Magnetron discharge & End Hall ion source

Greneb.
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Ton sources for the industry: the orders of magnitude

1 - High brigtness ~ 1 nm-1 ym beam (FIB)
2 - High current ~ 1 cm-30 cm beam (Implanter)

3 - Broad beam ~ 30 cm- 10 m beam/treatment (Coating)
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Pascal Sortais
Laboratoire de Physique Subatomique et de Cosmologie de Grenoble
UJF-CNRS/IN2P3 - INPG, 53, rue des Martyrs, 38026 GRENOBLE Cedex, FRANCE

The good Units for the industrial purpose :
1 - Focused Ion Beam : ym3/s
2 - Implanter : Wafers/h

3 - Coating : um/m?/h

P
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Other ion sources - Ions for the industry

Pascal Sortais
Laboratoire de Physique Subatomique et de Cosmologie de Grenoble
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Popular Ion Sources for the industry :

1 - Focused Ion Beams
ILMIS, RF, Microwave

2 - Implanters
Freeman, Bernas

3 - Coatings
Broad beam, Magnetron, Gridless

Greneb.




Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

The purpose of the Focused Ion Beam systems:

Milling

Doping

“after 15 min KOH

1um
o 1 nm
beam

Imaging

1pA
to 1 nA
beam
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

The process with the Focused Ion Beam

Figure 4-8. 3D CAD drawing of a feature.

Figure 4-9. 3D FIB fabrication performed automatically from the CAD drawing in figure 8.
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

The process with the Focused Ion Beam

Introduction
Principle

» Surface modification due to Interaction
of impinging ions with the surface

@ + Elastic interaction
O e = displacement, sputtering, defects, ion-
®v ) implantation
/ Ql? * Inelastic interaction
Sample Smlp le =  secondary e, secondary ions, X-ray,
hOlder photons "\/
Moving the beam = Surface patterning
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Other ion sources - Ions for the industry

1 - Focused Ion Beam for the Nanotechnologies

# lon source

mp Extraction electrodes

Condensor lens

lon current selection aperture

l' Wien filter

Mass selection aperture
™ Blanking

Faraday cup

Scanning and
Stigmation octupole

Objective lens

. Sample
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

lon Source
Liquid Metal Field lonization Source (LMIS)

« High electrical fields at the apex of a rod leads to detachment of lons
* Liquid metal film is drawn into conical shape of the rod (W or Rh)

+ Wide variety of ion species including Al, As, Au, B, Be, Cs, Cu, Ga, Ge, Fe,
In, Li, Pb, Si, Sn, U, and Zn

Electrical feed-throughs

H Insulator

= _ =

L J
Coil heater —e °
: 3
Gallium reservoir Ga* source from FEI
Tungsten needle e
———— —
\

Extractor electrode
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

lon Source 1
Liquid Metal Field lonization Source (LMIS) ~ 20 |JA.SF'
. Surface force F, =22, y : surface tension inward force | So useful current :
r
e some tens of nA max
. Coulombforce F, 2= E= % outward force
4regr
+ Maximum charge may be I Fe
placed on the surface Liquid droplet
— Rayleigh limit:
Orn =87’T\]307/r3 _ -
charges
gy = 8.85 10-12 C?/J m dielectric constant l

+ Formation of Taylor Cone
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

lon Source
Liquid Metal Field lonization Source (LMIS)

Properties of metals used in LMIS

Properties Reason
Low melting point Minimise reaction between liquid and substrate
2 | Low volatility at Conserves supply of metal; promotes long
melting point source life
3 | Low surface free Promotes flow of liquid and wetting of substrate
energy
4 | Low solubility in Dissolution of substrate alters the alloy
substrate composition




Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

lon Source
Liquid Metal Field lonization Source (LMIS)
Melting Boiling Vapor pressure p T at which
point T, | point Tg atT, p = 108 mbar
(K] [K] [Torr] [K]
Bi 544 1832 <108 672
Ga 310 2510 <108 961
In 429 2364 <108 877
Sn 505 2952 <108 1070
Au 1336 2982 ~10* 1180
As 1090 886 <1000 423

Orloff J, M. Utlaut, L. Swanson: High Resolution lon Beams, Kluwer Academic (2003)




Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

lon Source
Gas Field lonisation Source (GFIS)

+ atoms (molecules) are trapped by polarizations forces

lonisation: tunneling process with
probability D:

-c(l-®)
D a e v ‘ - Sones of

| : lonisation potential

@ : Work function of emitter
V : El Potential

C : constant

lons are ejected from the surface
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

lon Source
Gas Field lonisation Source (GFIS)
« Cooling the tip = higher residence time 1, leads higher ionisation rate

* lons: H* He*, Ne*, etc dQ = sing dg do

+ lowecurrent 9L _, (A st ?
Q

s Achze
1
P
i
Il !
\ 'I, ]
4" |
oL
AP
Vs T
z-Achse y-Achse

% largest reported value (J. Orloff: High Resolution Focused Ion Beams, Kluwer Academic, 2003)
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

Deposited films induced by focused ion beam

Ton beam 1s

scanned o
substrate o V olatile reaction
produats
O
® O
O
W( C O) 6 Precursor o

(C5H 4) CH 3P t(CH3) 3 molecules O !.! @ @ @uaa Deposited film or pilar

Substrate

Greneb.




Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

Microwave source with “high brightness & high current” (uA):
The COMIC concept

z Becr
_;__;_: Extraction plane
Area of
Antenna —_| /| maximum
> = =] /| power
Couplers — 1y coupling
; Forward diffusion

I inside the
' \ magnetic field

| [

| [

[ [

| [

| |

[ | I

| . >
| |

~] / - -\ Z-

~1/4~3cmat 245 GHz
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

il
1

Electric field amplitude
distribution between the central
antenna and couplers with quasi-
coaxial geometry

(COMSOL Calculation )

f,.=2.45 GHZ Red >10*V/m

Distribution of light in a
Xenon discharge (2 W)
between the central
antenna and the coupler

with quasi-coaxial
geometry

p ~ 102 mbar




Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

Electric field amplitude inside a closed cavity

Magnets

nu_rfw(1)=5.85e9 Slice: Electric field, norm [V/m] Max: 6.00e4

x10*
6

5

4

Extraction
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

. Source
& extraction 4 mm 20 KV

1st elect.
16 KV

Grounded electrode
0 KV

lon source mode
(quasi closed cavity)

Plasma source mode

(semi closed cavity) Nitrogen 5 105 mbar /5 W
~ 500 uA ~ 4 mA/cm?

Argon 102 mbar/5 W




Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

Reflected power (%) (below 5 W) Current .,

100

Open circuit P.>> 50 %

50

~ 3-5 % Matched load P, << 10 %
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

010717 T T
T 3 10° mbar 0-200 mW
0.125 4—=—3 10 mbar 200-0 mW
: 9 10° mbar 0-200 mW /
0.100 4-|—+—9 10° mbar 200-0 mW 4
. ] fl
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

10

1.2 ;. mm.mrad
15 KV

3/10 mm ext.

1.8 pAe total / 3 W/ ext. 0.3 mm /15 KV
(12.5 KV élect. intermédiaire)

. B AL Y N

R — N
o4 S O

X (mm)
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

LMIS Plasma source

Source I Source
Q lon beam i LB
/vi e L2 Jon beam
I E dO | N -
, Emissi :
‘g(';t::::le s'g::;gn veX t Virtual source d Vext
Virtual source size ~ 350 nm Virtual source size ~ 15 um
a =~ 20° a~1

Angular intensity ~ 20 pA. sr-1 @Iar intensity ~ 18 mA. sr-1

P~ Pascal Sortais - Ion Sources, 29 May - 8 June , Senec, Slovakia 25/ 67

..........




Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

Etj Source COMIC LPSC / Orsay Physics
I-FIB

—AM B__ Extractor electrode
-0 & Source Lens

[ DPA

Condensor lens

—
— .7 vave | Aperture MVA
N : _— ~
: | Wien Filter .
(T IS
R B Mass aperture MVA

Blanking
W FC

Scanning octopoles

Objective lens

Il DPA
1 1 Sample
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Other ion sources - Ions for the industry
1 - Focused Ion Beam for the Nanotechnologies

Microsurgery of a ant head with the COMIC source

-

2710412010 . 895489~X‘ S 4 © 2710412010
£ <
( 16:01 f " ield of View = 690.08 dm 7 16:45

100 x 100 x 100 uym3
15 hours with Ga (65 nA) = 40 minutes with Xe (1pA)
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Other ion sources - Ions for the industry
1 - Ion Beam Figuring of the Optic Industry

The purpose of the Ion Beam Figuring :

The beam @ The pulverisation

// / // / Séquence IBF
Mesure du profil / Temps de j_., Trajec- / sous vide
d'érosion du faisceau / séjour [ [ toires | (érosion des
/ / / défauts)
The Pr (o fl I : ' Traitement
. mathématique
DefaUIfS . sur ordinateur 3
> Imm and Mesure de la
1 surface optique
< ﬂm (controle)
/ - . /
Mesure de la surface /Slmulatlon /
optique —b’t des erreurs/
(par interférométrie) / résiduelles’
L7

P
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Other ion sources - Ions for the industry
1 - Ion Beam Figuring of the Optic Industry

Ton Beam Figuring machine:

Before Blom After
‘ *
. .
N\
'v -6 nm

2.93 nm RMS 0.19 nm RMS

+ No pressure : very thin optics
+ Determinist

- Under vacuum (heating)

- Rugosisy modification
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Other ion sources - Ions for the industry
1 - Ion Beam Figuring of the Optic Industry

Broad beam (20-40 mm) Kaufman filament source with grid
extractor

Cathode |Discharge chamu

Working | I | Screen
gasg 'J'/Accelerotor

e
A t 1 Neutralizer
:n e 11
| |||\@> .
—
ac — acC
of + o, o
m o % Ig
O sllo o >l |5 >l | >
~ o Q. a. o Q. - O
= all|l2alloalloall2a
C 3112 5 O 35 3 (]
OQouol|llanlloa gm Z on
ct - — + ¢t
— J

Schéma de principe d’une source ionique de type « Kaufman »




Other ion sources - Ions for the industry

1 - Ion Beam Figuring of the Optic Industry

Matching of the beam size to a characteristic lenght of the

defaults:

— 180
160
140
120
100
80
60
40
20

Jl'ions

Fai ceé;u Erreurs de forme

Etching rate [nm/min]

— Balayage

0
-60 -40 -20 0 20 40 60
Distance from beam center [mm]

Source ionique

(a) (b)

End-Hall
7 cm

- == Kaufman
3 cm

=== Kaufman
3 cm mask 1

—-= Kaufman
3 cm mask 2
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Other ion sources - Ions for the industry
1 - Ion Beam Figuring of the Optic Industry

Ar—150 yJA—1.4 KV -0 ~ 0.6 mm

Tube isolant gaz

Coupleur-Isolateur 2.45 GHz

Source COMIC 2.45 GHz

<72 mm
a definir

High brightness gaussian millimeter
beam size with COMIC

LPSC

Greneb.




Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

The purpose of the Implantation Technology:

1E+17 e -
! ' Infusicn __Bonded Wafer Splitting for
' r- DCoping Range silicon on insulator (H, He)
! [
! 1 Source Drain Contact
Polysilicon
1E+16 {» ' Dogmg (As, B) (As, BF2,B)
1 [ Bipolar Buried
1 . Subcollector (P, As)
1 " Preamorphization
' ] (Ge, Si) v4
1E+15 14 '
|
&g ' i \ Latch-up
; electrostatic
' [ Anti protectior] {B)
£ , |{(As BF2 B)
S 1E+14 - ' Punch-Through L~
o ' ' (As, B, In, Sb)
L : '
) 1 ' CMOS
' ‘ retregrade p=
8 ----- ! Channel Engineering wells
/ Noise isolation
/ wells (P, B)
1E+12 1 L1
Threshold
voltage Adjust
(As, BF2, B, P) Charge-coupled
device wells (B}
1E+11 — T T ‘
0.1 1.0 10.0 100.0 1.0000 10.0000

ENERGY (keV)

P
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Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

The demand for the Implantation Technology:

Boron : BF;, B,H; TABLE 1
TYPICAL ION SOURCE OPERATING LIFE
Phospor-us : P (solid) , PF;, PH; ON HIGH CURRENT (BATCH) IMPLANTERS
AVERAGE ION  SOURCE
P E RRENT _OPERATIN R
APSCI’IIC . ASH3 SOURCE TYPE PRIMARY SPECIES BEAM CURRENT OPERATING HOURS
ENHANCED BERNAS MIXED (As*,P* B™) 2-5mA 140-160 hrs.
MIXED (As*,P*,BY) 5-10mA 80-120 hrs.
Bt ~5mA ~80 hrs.
Bt ~10mA ~40 hrs.
Ast Pt ~5mA ~140 hrs.
Ast pt ~10mA ~100 hrs.
sbt 5-10mA 40-50 hrs.
STANDARD FREEMAN MIXED (As* P*,B*) 2-5mA 60-80 hrs.

MIXED (As*,P*,B™) 5-10mA 30-50 hrs.
Bt ~5mA 30-40 hrs.
Bt ~10mA 15-25 hrs.
Ast Pt ~5mA 40-60 hrs.
Astpt ~10mA 30-40 hrs.
sbt 5-10mA 20-40 hrs.




Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

The purpose of the Implantation Technology:

lon e 2
Source VX il W Y,
H 1 Extract [ ] -
Acceleration . " ~ \'a Source
Tube ' Pump
e +
Analyzer -, Post i
Magnet o | | - Acceleration | Va Pump
< Tube :
i he | = Il —=Analyzing Slits |
- | 777
vV
Decel
Wafer Wafer Wafer =
Process Process Process
Station Station Station Y 4




Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

The purpose of the Implantation Technology: Ribbon beam generation

— e — — — — — —— — —— — — —— —

_____ e 1\____________| /"—_—“'—\
o\ | [ =
IONINJECTORS \__coooone e A i~ ~ f_,;_:f__/_k
NON-UNIFORM o A : :
ELECTROSTATIC AP e = .
D EF LEC TOR FIELD MAGNET I ] .. __ 0 . AL —:‘i\;\\
/ / ;S / Y =0
/" _/ First Stagg of I " N A
e //\ Deceleration I S, ¥
L \ L S :
- 90’ Analyzer Secpnd Stage of
Magnet Dekeleration — 2 St
2 3 L1 -
’ 3 Il -
*T_ 0.2 - 80 kV | v
/ I
:_Source '
——————————————————— r -l
V1 V2 Wafer Position
Decel Decel
i 1




Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

The Freeman Ion Source:

~. MAGNETIC
\  FIELD

l

7

N ———

)

|

!__

ION BEAM

RS | | |

.

FILAMENT

P
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Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

The Bernas Ion Source:

Molybdenum (TZM)
Arc Chamber

Molybdenum (TZM)
Front Plate

Elactron Reflector

Insulators (BN)

™,

AEANANAN AN AY AN Y

>
AN AN AR AAY AR AGAT AR YA AN AN S

fvavavavavavay

ANANANAANALA LAY ALY AXALALALALLLALALA XA ALALAT

Nmw

Filament ————» Chamber End Plate Shield (TZM)

P
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Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

The Indirectly Heated Cathode Ion Source (IHC):

Arc Filament Filament
Power Bias Heater
Supply Supply Supply Plasma
Suppression
* B * - *o- Electrode
| ! //Ground
Electrod
Cathode ? ] ectrode
= %
7
%
70
,_.. ______ /- 5 v
Vaporizer for 2 %
solid feeds f s&‘ﬁ:
B
i Ul 95
% = B8
7 -
N
¢
’4
Anti 2
Cathode =
B Field
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Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

The Indirectly Heated Cathode Ion Source (IHC):

(b)

Greneb.




Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

High energy implantation : Negative ion source and Tamdem

Tandem Accelerator

Analysis and Scanner

' = "'Iﬂ'll ||'|‘|'Iﬂ-—=s I“II"II'H" == AP
\ il m;%w? | e P\ N ‘/

Negative
lon Source

R — [j@

Wafer Handling
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Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

High energy implantation : Positive ion source and Linac

90° Mass lon Source

Analyzing ’ 12 RF Resonators
Magnet

¥ , Final Energy
Analyzing
Magnet

14 Quadrupole Lenses
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2 - High Intensity Beams for MicroElectronics

Low energy implantation :

Complex Molecular ion and Cluster

BIBHZZI CI6H10

followed by annealling (~ 1000°C)

Throughput
300mm Wafers 1x10"%icm? Boron dose

2075 [ ———
200 * _

/ T~ Clusterlop™ Source| Runnin g

:3; - i B1gHz; Without Dece-leratlon“/ﬁ
% i / 1 il

B ot 1

2

100 / //\Beg_in.(:lass[]ecel' pl

0 05 1 15 2 25 3
Implant Energy (keV)

Process Chamber

Nozzle _ _ _ _ _ _ _ _ lonizerChamber 1 Mechanically 1
Chamber Defining ! Scanned 1
i- —————— Neutralizer Aperture ! Platen :
| Skimmer | Thermionic | .
I \ | , Filaments l I I il , i .
Vacuum | Ssasnsags) ] o)
o/‘ele o\o/e Faraday
Gas e luster lon Beam
|. L L 0/0 3
| \ // N 1
Nozzl ! l :
ozzle | i lonizer Bias _ ! Manomer L Dose
----- 7 I "Accel Extraction  Beam gleuas: r :' / : Control
. e ] .
lonizing _-_I-_ S_“P_P'! _ _ Optics "7 Substrate '
Electrons r 1




Other ion sources - Ions for the industry
2 - High Intensity Beams for MicroElectronics

Problems already open in the implantation technology :

(from A. Renau, Varian Semiconductor Equipment Associates
35 Dory Rd, Gloucester, Massachusetts 01930, USA, RSI, 81, 02B907, 8 February 2010)

1->5mACW of 1*, 2* & 3* compact, low cost and
upgreadeable

2 ->5mACW of B, P, As- with lifetime > 168 h
3 - Large area implantation : < 17 over @ 500 mm

4 - Low mainteance ion source
(without any monodification inside the beam line optics)

P
Greneb.e




Other ion sources - Ions for the industry

3 - Broad Beam & "Ionic Machine” for the Industrial Coating

The industrial field of use : the PVD coating

(Physical Vapor Deposition)

- Hardness modification (cutting tools, tribology)

- Solar (large area deposition)

- Optic component (laser and large optical miror)

- Decorative coating (watchmaking,...)

P
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Other ion sources - Ions for the industry
3 - Broad Beam & "Ionic Machine” for the Industrial Coating

Tonic modification of matérial :

Simples collisions

Cascades linéaires
de collisions

° Qo o
QOA00 £ /O OC‘O/OO o ¢c oo o
o} -‘00Q0 0 o 0o oo
OOOOO O O g)OO 080000 ©o0o0o0o

-~
Ll

l | T 1 | I | | >
o || |
L= ||
L
[ . . |
.S Adsorptlon—desorptlonI |
‘W | piffusion de surface | | EEEE—
! J———
L e
Ll e Se
| | | : I l.«"i | | | | >
0.0001 0.001 0.01 ! 0.1 1 10 100 1000
Eq«E, E,

Energie (keV).
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Other ion sources - Ions for the industry
3 - Broad Beam & "Ionic Machine” for the Industrial Coating

The sputtering process : (Ar+, 5 kV at 83°/ surf., 2.5 ps)

- E
@« ]
o
&
Ar' ion by ®
created @ / S
puttered
?r:lepc;::(:n ‘\_ ‘. a . target atom
Ar ion
i
@/ /
Electron & ©
released

from target

Target 000000 QQ00C0C000
surface at OOO@OQOO\QO@OOOO
-y 0@00@0@@10“@@000
OQQQQOQQ.QMQ\OQQO
CCO0O0O0COOCO0OCOO0OOO0O
CO00O00CO0COOO0O0OCOO0O
ORORORORORCRORORCRORORORORE,
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Other ion sources - Ions for the industry

3 - Broad Beam & "Ionic Machine” for the Industrial Coating

10
] o —eo0e,
/" "
1
3.5;
& ©
E ¢ > 3.0 Pt ]
>014 | 3 »
§ 13 | 0_; 2.5 ."Q'
3 ] 5 >
UQ). :g 20‘ ‘,'
a o~
N 15{. .
0.8~ 1.of. .
] 200 300 400 500 600 700
lon energy (eV)
0001 T IIIII T T vIIT”I T T T VOITTT T T T Illll
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The Magnetron Sputerring (MS) :

electron trajectory

erosion trench

target surface

bonding layer ——

T l Fe field return plate
3 -500V
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The Magnetron Sputerring (MS) :

MAGNETIC
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The Magnetron Sputerring (MS) :

Carroussel substrate.
holder
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The Ton Beam Sputerring (IBS) :

Vacuum box Subtrate

Sample holder

N~ lanetary motion
Substrate G Y )

Sputtered
particles
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Targets : «
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3 - Broad Beam & "Ionic Machine” for the Industrial Coating

The Double Ion Beam Sputerring (DIBS) and assistance ion source :

Vacuum box Subtrate

<0.b KV>~lOOmA

Sample holder
(planetary motion)

Assistance
source

-

Sputtered Substrate

particles

Sputtering
source

2 KV > 100 mA

Target
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The Double Ion Beam Sputerring (DIBS) and assistance ion source :
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The RF broad beam “gridded":

gas—> =] Cusp field

Stub tuner :|| i qll [m
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1 |
l
acceleration _T_ extraction -

deceleration =

Fig. 3. Example of RF ion source, operating at 500 MHz, with four-grid ion
extraction from a 600 x 300-mm plasma chamber (adapted from [40]).
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The DC broad beam "gridded":
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3 - Broad Beam & "Ionic Machine” for the Industrial Coating

The Microwave Linear ECR (2.45 GHZz) :

Segmented grid

Discharge
vessel

3 Microwave applicators
with stub antenna

P~ Pascal Sortais - Ion Sources, 29 May - 8 June , Senec, Slovakia

eeeeeeeee

57/ 67




Other ion sources - Ions for the industry
3 - Broad Beam & "Ionic Machine” for the Industrial Coating

The industrial broad beam "gridless":

2 nd 4
(™
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E 2r
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m0.1
5L A WERE VAR Figure 2. End-Hall ion source schematic: 10 - ion source: 11 - ion beam:
10 2 5 100 2 5 1000 12 - Hot Filament cathode: 13 - anode: 14 - magnetic system: 15 -

gas distributor - reflector; 16 - magnet; 17 - holes for working gas
supply: 18 - cathode supports; 19 - magnetic pole; 30 - dielectric
separarting plate:; 35 - magnetic field lines; 36-37 - discharge channel.
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The industrial broad beam "gridless":
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The industrial broad beam "gridless ion source" :
Anode Iayer' ion source / the reverve of the magnetron

For cleaning
Surface preparation
Etching

iron
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The Principle of multi beam devices :

Flux on the substrate
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| Axis of symmetry

“Target-substrate” volume |
| Target
Substrat : pump
Liner
Source
pump

Ring of ion source
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S,
3 |

insfde 400 mm vactum chamber
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146 mMm <« >

100 mm <« >

CuonSi (~100 nmat ~100 nm /h)

263 +/- 7 nm

Profilometer measurements
Static substrate
Ta,0; on Silicium
(Ta target under O,)
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Multi beam (10)
Multi target (Ta and C)
Multi current (25 and 500 pAe)
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Conclusion

Ion Source for Industry : possible bridges between
industry and accelerator technology

- 1 - Focused Ion Beams:
High quality beam for AMS, rodiactive ions, electrostatic acc.

Knowhow for high intensity transportatio n
(beam line feeded with plasma)

Multi beam machine for beam merging
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