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Abstract

Fundamentals of material analyses by using energetic ion beam from particle accelerators are de-
scribed. Also reviewed and discussed are the recent topics of application studies in the ion beam analy-
ses including Rutherford backscattering, nuclear reaction, elastic recoil detection, ion-excited X-ray

analysis and secondary ion mass spectrometry.
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Fig.1 Schematic diagram showing the principle of Ruther-
ford backscattering spectroscopy (RBS).
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Fig.2 (a) Typical RBS spectra for 2.0 MeV He incident on W (001) surface for the beam aligned with the
<100> axis (O) and for the beam aligned away from any major crystallographic direction (@). (b)
Schematic of the close-encounter probability as a function of the angle between the beam and sym-

metry direction of the crystal.
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Fig.3 Random and <111> channeling spectra for 72 nm

NiSi, epitaxial film on a (111) Si substrate [2].
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Fig. 4 Backscattering random and <111> channeling spectra
for In implanted into Si at various fluences [3].
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Fig.5 Angular scan for the normalized backscattering yield
of 1.0 MeV He incident near the <100> axis of Al con-
taining 0.3 at. % Sn after 1.3)X10"® He/cm? irradiated
by 1.0 MeV He at 35K and subsequent annealing to
220K (O, Al; @, Sn) [4].
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Table 1 Typical nuclear reactions to be used for depth dis-

tribution analysis of various light elements in solid
materials.

ASE—L HHWF

g—=ry b ¥ RIS IXNF— IXNF-—
(MeV) (MeV)
H H(°F, ay)'®0 16~18 6.1, 6.9
7y
H H(''B, 2)%Be 1.6~2.3  1~4a
H H{Li, y)®Be 2.7~7.0  14.7, 17.6y
H H(N, ay)'’Cc = >6.38 4.43y
D D(®He, p)*He 0.7~1.0  2~5ba
D D{d, p) T 0.2 0.5~1.0t
i or 2~3p
T T(p, n)3He 2.5 ~1n
He *He(d, p)*He 0.5 2~4a
*He *He(d, p)*He 0.4~3.0 - 12~14p
‘He ‘He('B, )N  3.5~5.0 2~3.5n
bLi 5Li(d, @) He 0.7 9.25q
“Li Li(p, a)*He 1.6 7.84c
g "B(p, a)®Be 0.7 4.07a
2g 2c(d,p)'%C 1.0 3.01p
N “"N(d, a)'?C* 1.30 6.76a
o] ®o(d, p)’0* - 0.83 1.52p
o] 80 (p, a)'°N 0.73 3.38a

NI | -El ectronic Library Service



The Japan Society of Plasnma Science and

77X - MREFEEE
Pd(D) <100> AXIS OCTAHEDRAL
SITE
l'o I:j
0.5
a ANNEAL L
I 80K L
> 0.0 =
w
E TETRAHEDRAL
fx SITE
w
Oo—CO
~ D
v
0.5 g "\
Pd///\f
0.0 L
3 2 i o -t
ANGLE (deg)
Fig.6 Angular scans for the normalized SHe channeling

yields near the <100> axis of Pd implanted with 5X
10'%/cm?, 10 keV D after implantation at 25 K and
annealing to the various temperatures [6].
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Fig.7 A 8.7 MeV He backscattering spectrum from a 1.7
um-thick EuBayCuz0¢.9 film showing the overlap of
Ba and Eu signals. The O height was measured rela-
tive to the combined heights of the Ba and Eu signals
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Fig. 8 Schematic and example use of external proton beam
PIXE analysis [8].
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Fig. 10 Deuterium depth distribution spectra obtained from
the Ni specimen implanted with 140 keV D, at 5X
10'®/cm? with prior-irradiation of 70 keV 2He™ to the
fluence of 1.0X 10" /ecm?. The experimental data are
compared with the ion-induced damage curve
calculated using TRIM91 code [11].
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Fig. 11 (a) Schematic of a TOF-ERD experiment. (b) Yield
vs energy and time of flight for particles recoiled
from a BC/Si target with a 12 MeV Au beam. Each
band represents yield from a single target mass, as
indicated [7].
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Fig. 12 PIXE spectrum of a sea-water sample. The trace
metals were chelated by APDC, adsorbed on to
activated carbon, extracted with nitric acid and
spotted on to a thin plastic foil [14].
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Fig. 13 (a) KX-ray energy spectra induced by 1.7 MeV He ions incident along <110> of crystalline
SUS310S. (b) Angular scans of Si, S and P KX-ray yields across the <110 axis of SUS310S, com-
pared with those of the host-alloy-element KX-ray yields [15].
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Fig. 14 A facility for high resolution ion-excited X-ray analy-
sis accommodated with position sensitive propotion-
al counter (PSPC), combined with heavy ion mic-
robeam system [16].
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Fig. 15 Position spectra for 1.4 MeV/u *0*" on four Cr
targets where the red and black have valency 6 of
Cr. Note the differences, e.g. the high intensity of
the n=0 peak for the steel sample [17].
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