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Intensity Distributions of Ion Beams Produced by Laser Ion Source
Hajime ADACHLI, Koji TAMURA, Tetsuji OKAZAKI and Takemasa SHIBATA

Department of Materials Science
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 1, 1998)

Two-dimensional intensity distribution on ion beams produced with a laser ion source were
measured under various conditions of the system. Ion beams were extracted through a hole
with mesh on an electrode with lower potential from plasma produced by photo-resonant
ionization of neodymium atoms, by irradiating laser pulse beams on atomic beams between
parallel electrodes. Ion distributions were measured with a multi-channel Faraday cup with
five small plates for ion detection as a function of the slit size, with or without an additional
electrode, applied voltage on the electrodes. distance of the ion detector from extraction
electrode, etc.. Conditions for obtaining narrower distributions of ion beam intensities were

found.

Keywords : Laser Ion Source, Ion Beam, Intensity Distribution, Neodymium,

Resonant Photo-ionization, Multi-channel Faraday Cup, Parallel Electrodes
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Fig.2 A schematic view of the experimental apparatus.



JAERI-Tech 98-029

to

Oscilloscope

—

1T
%,
— 7
L] |
| . |
’ 4 Z
m é
AR Z
S %
’ 3 Bellows /
AR %
11| 7 7
AR %
a1 14 Z

Cover

Move

[

Electrode 1 =]

Laser Beam ~

Quartz /

Crystal
Sensor

Slit

Base plate

l

—

—
L J—]

L4

| lon Beam

N

Multi channel
Faraday cup

]

IS Removal Electrode

==

B

Atomic Beam

Vaccum Chamber

Fig.3 A schematic drawing of intensity distribution

measurement system on ion beam

Move



JAERI-Tech 98-029

ajed uop,gsodep lodep

AO=EA=ZA ‘AOOE=IA

: seposyos|e uo adeyjjor payddy

s/yo¢g

ajes uonjisodap Jodep

‘WWOG © ¢ 9poJ1os|e pue 40108}3p U0l usamisq soduelsiqg

‘g 9poJ3o9)e |ejuswajddns ypm ‘yseaw ympm ajoy ¢ uwuwy jo ased Uu|

‘9dooso||loso [BU3IP yPM painseew sdno Aepese) JO W0} SABM juauino uol jo ssejdwexy {34

wwQ|~ : dno Aepede jo uoljisod [eoIUaA (q)

(sr) ewl)

ov 0t 0¢ 1] 0

,_ I I [ _ | 1 I [._f
ARl ——— -0
ol uol 24 hotcoz -

;?. dz _

m\< 10SU3S _Em 10 zZ)lenp .

: Do 7”0

A : : 40 V¥

i dio

o
juaauny uoj dny Aepede

e o

N3
oL

ajet uolyisodap sodep
o
o~

‘ww( : dno AepeJe jo uojjisod |eOIHBA (B)

(s7) ewt]
ov o€ 0e ot 0

I ' i I 1 i T ! J

1U81.1nd 8pol uom_m

6o

juasing uo| dny Aepe.e



JAERI-Tech 98-029

(a) Horizontal distribution
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Fig5 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.

Dependence on vapor deposition rate ( ion density ) .
In case of 4mm¢ hole with mesh, without supplemental electrode .
Distance between ion detector and electrode 2 : 60mm.

Applied voltage on electrodes : V1=100V, V2=0V
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(a) Horizontal distribution
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Fig6 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.

Dependence on applied voltage on electrode 1.
In case of 4mm¢ hole with mesh, without supplemental electrode .

Distance between ion detector and electrode 2 : 60mm.

20A /s

Vapor deposition rate :
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(a) Horizontal distribution
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Fig.7 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.

Dependence on distance between ion dete

ctor and electrode 2.

In case of 4mm¢ hole with mesh, without supplemental electrode.

Applied voltage on electrodes : V1=300V,

: 30A/s

Vapor deposition rate

V2=0Vv
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(a) Horizontal distribution
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Fig8 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.

Dependence on vertical position of laser beam ( plasma region ).

In case of 4dmm¢ hole with mesh, without supplemental electrode.

Distance between ion detector and electrode 2
Applied voltage on electrodes : V1=300V, V2=0V

. 30A/s

Vapor deposition rate

: 50mm.
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(a) Horizontal distribution
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Fig.9 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.

Dependence on horizontal position of laser beam ( plasma region ).
In case of 4mm¢ hole with mesh, without supplemental electrode.
Distance between ion detector and electrode 2 : 50mm.

Applied voltage on electrodes : V1=300V, V2=0V

Vapor deposition rate : 30A/s
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(a) Horizontal distribution
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Fig10 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.

Dependence on time duration of applied pulse voltage on electrode 1.
In case of 4mm¢ hole with mesh, without supplemental electrode.
Distance between ion detector and electrode 2 : 50mm.

Applied voltage on electrodes : V1=300V, V2=0V

Vapor deposition rate : 30A/s

Vertical position of laser beam (plasma production region) : Omm
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(a) Horizontal distribution
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lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.
Dependence on time duration of applied pulse voltage on electrode 1.
In case of dmm¢ hole with mesh, without supplemental electrode.
Distance between ion detector and electrode 2 : 50mm.

Applied voltage on electrodes : V1=300V, V2=0V

Vapor deposition rate : 30A/s

Vertical position of laser beam (plasma production region) : —=10mm
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(a) Horizontal distribution
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Fig.12 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.
Dependence on applied voltage on electrodes.
In case of Tmm¢ hole without mesh, with supplemental electrode 3.
Distance between ijon detector and electrode 3 : 50mm.

Vapor deposition rate : 30A /s
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(a) Horizontal distribution
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Fig.13 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.

Dependence on applied voltage on electrodes.

In case of 7Tmm¢ hole with mesh, with supplemental electrode 3.

Distance between ion_detector and electrode 3 :

Vapor deposition rate

- 30A/s
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(a) Horizontal distribution
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Fig.14 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.

Dependence on applied voltage on electrodes.

In case ‘'of Tmm¢ hole with mesh, with supplemental electrode 3.

Distance between ion detector and electrode 3 : 50mm.

Vapor deposition rate

: 30A/s
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(a) Horizontal distribution
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Fig.15 lon intensity distribution. (a) Horizontal distribution. (b) Vertical distribution.

Dependence on applied voltage on electrodes.
In case of Tmm¢ hole with mesh, with supplemental electrode 3.
Distance between ion detector and electrode 3 : 50mm.

30A/s

Vapor deposition rate :
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Fig16 Summary of intensity distribution of ion beam.
Horizontal and vertical full width of distribution, and ion charge.
In case of Tmm¢ hole, with supplemental electrode 3.
Distance between ion detector and electrode 3 : 50mm.

Vapor deposition rate : 30A/s
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Fig18 Plot of calculated ion beam diameter with space—charge expansion vs
distance from the electrode 2.
Applied voltage on electrodes: V1=300V, V2=0V
lon current density at the outlet hole: Ji = 30 u A/cm’

Diameter of the ion outlet hole: Dy = 7mm and 4mm
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Fig20 Schematic drawing of vertical flow of plasma region and ion beam.
(a) Vertical position of initial plasma center LV=0mm

(b) Vertical position of initial plasma center LV=-10mm
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Fig21 Example of variation of ion current wave—form with vertical position of ion detector.

In case of 4mm¢ hole with mesh, without supplemental electrode.
Distance between ion detector and electrode 2 : 50mm.
Applied voltage on electrodes : V1=300V, V2=0V
Vapor deposition rate : 30A/s
(a) Vertical position of initial plasma center LV=0mm
(b) Vertical position of initial plasma center LV=—10mm
—32—
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