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1. Background

Sputtering and desorption on solid surfaces
induced by slow multicharged ions haveinduced by slow multicharged ions have
been attracting attention because of

1. high sputtering yield and its strong charge
state (or potential energy) dependence as
well as weak kinetic energy dependence,gy p ,
and following

2. nanostructure formation in every ion
impact.
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1-1. Sputtering and desorption

• Bullets go in here • And also in here
OES SIMS Quartz 
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balance
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1-2. Nanostructure formation
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1-3. Nanostructuring and Sputtering

Contribution of 
Potential Energy

Contribution of 
Kinetic EnergyPotential Energy

EP

Kinetic Energy
EK

Nanostructuring
Volume ~ EP

(Diameter ~ q, Height ~ q)
Coulomb Explosion

Independence or weak 
dependence of EK
Coulomb Explosion

Inelastic Thermal Spike

Sputtering

Hydrogen Atoms/Molecules/Ions
Yield ~ qn (3 ≤ n ≤ 5)

Pair-wise Potential Sputtering

Heavy Atoms/Molecules/Ions
Yield ~ qm (1 ≤ m ≤ 2)
Defect Mediated Potential 

Sputtering

Hydrogen Atoms/Molecules/Ions
Negative dependence of EK

Heavy Atoms/Molecules/Ions
Weak dependence of EK

Kinetically Assisted Potential 
Sputtering

2. Motivation

Roles of
Synergy 
between 

EP and EK?

Roles of 
neutrals? Kinematics 

or 
dynamics

Spectroscopic 
data 
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3. Objective

• To measure velocity or kinetic energy of particles
participating in the collisions in order to
investigate the kinematics of sputtering,
desorption, and nanostructuring induced by slow
multicharged ion collisions with solid surfaces.

4 Experimental Methods4. Experimental Methods
4.1 TOF-SIMS studies

4.1.1 3D-momentum spectroscopy of secondary ions
4.1.2 Simultaneous TOF-SIMS/LEIS analysis

4.2 OES study
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4.1. TOF-SIMS study

Secondary ions mass spectrometry (SIMS) measured in
coincidence with scattered atoms or ions in off-normal
incidence

Scattered atoms /ions

Multicharged ions

Secondary ions

Coincidence SIMS

StartStop

incidence

e-

e-

4-1. Experimental setups of SIMS

Secondary ions
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z

TOF-SIMS with velocity-map imaging

Momentum distribution of

Scattered neutral atoms
START

x
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z Momentum distribution of
desorbing or sputtering ions

Aq+

Secondary ions
STOP

z

Scattered ions
START

Secondary electrons
START

x

y

z

TOF-SIMS with 2D LEIS imaging

Kinetic energy distribution of scattered ions
correlating with secondary ion emission
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4.2. OES study

Optical emission spectroscopy (OES) of sputtered neutral
atoms in normal incidence

V⊥
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V||
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

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
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
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−=
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cv
0

|| 2λ
λ∆

=

Intensity decay as a function of Z

6. Results and discussion

6.1. TOF-SIMS with velocity map imaging
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6.1.1. Proton desorption from GaN surfaces
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K. Motohashi et al., NIMB 232 (2005) 254.

6-1-2. Angular dependence of protons
Z
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This analyzer can detect all protons which
have the kinetic energy less than 2eV.
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6. Results and discussion

6.2. TOF-SIMS with 2D-LEIS imaging

6-2-2. Velocity dispersion with E×B filter
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6-2-3. Energy calibration

10

10

20

10

20Ar6+ (15.20 keV)

0
5

z 
(m

m
)

20

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

20

-20 -10 0 10 20

-20

-10

0

10

y (mm)

z 
(m
m
)

-20

-10

0

10

0 20 40

Counts

Z
 (
m
m
)

Ar6+ (15.00 keV)

-1
0

-5
012

[×
10

-2
]

Normalized intensity 
(arb. units)

∆z/∆E = 5.2 mm/keV
∆E = ±0.3 keV

-20 -10 0 10 20

-20

-10

0

10

y (mm)

z 
(m
m
)

-20

-10

0

10

0 10 20

Counts

z 
(m
m
)1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

500
+

6-2-4. Result of LEIS
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6-2-5. Result of SIMS measured in coincidence 
with scattered ions
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6. Results and discussion

6.3. OES

6.3.1 <v||> of Al* (Previous study)
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K. Motohashi et al., Phys. Scr. T73 (1997) 329.

There was no significant change
of <v||> among different charge
states as well as between metal
and insulator surfaces.
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6-3-2. <v⊥> of Ti*   (in progress)
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Measurement of charge-state
dependence of <v⊥> is now
on going.

Summary

• TOF-SIMS coincidence measurements on scattered atoms/ions and
secondary ions, and OES measurements of sputtered neutral atoms
were conducted to investigate the dynamics of desorption andwere conducted to investigate the dynamics of desorption and
sputtering due to electron capture by slow multicharged ions.

• Anisotropic distributions in the proton emissions for glancing-incidence
collisions were observed.

• It was found in the simultaneous TOF-SIMS and LEIS measurement
that potential sputtering of protons induced by electron capture is
followed by elastic scattering between projectile ions and surfacefollowed by elastic scattering between projectile ions and surface
atoms in the first and second layers.

• The mean velocity, parallel to the surface, of sputtered substrate
atoms were almost independent on charge state of incident ions.

• The measurements of mean velocity, perpendicular to the surface, of
sputtered substrate atoms are now in progress.
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