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Abstract: Hydrogen analysis by elastic recoil detection has been performed utilizing polyimide film as a
reference sample of known hydrogen content assuming the soundness of ion beam current integration. However
beam current integration at higher incidence angle is not reliable. Scattering yield per unit fluence by current
integration which is normalized per unit path length decreases as the sample tilt angle is getting higher. Moreover
because beam current integration at high tilt angle is incomplete, hydrogen evaluation is very risky by direct
comparison of sequentially collected recoil spectra between reference and target sample. In this study, primary
ion beam dose is determined by backscattering spectrum that is collected simultaneously with recoil spectrum
instead of ion beam current integration in order to reduce uncertainty arising in the process of current integration
and to enhance the reliability of quantitative analysis. Three test samples are selected -7.6 um polyimide film,
hydrogen implanted silicondioxide and Au deposited carbon wafer- and analyzed by two methods and compared.
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Fig. 1. Layout of typical ERD target chamber with
manipulator for precise sample positioning. (1) beam
collimator: Slit of 8 mm Hx2 mm W makes a square
of 8x8 mm? on the sample surface at 75° tilt angle.
(2) electron suppressor: -500 V biased with respect
to sample (3) sample: polyimide as a reference or
target sample (4) absorber: 9.8 um Mylar film as an
absorber foil for the particle discrimination by the
difference of stopping power depending on atomic
number. (5) detector collimator: in order to define
effective area of recoil detector. (6) SSB detector:
PIPS of 300 um depletion layer.
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Fig. 2. Scattering yield as a function of tilt angle for the same
amount of ion fluence which was measured by beam

current integration (Q= ri(t)dt) . Scattering
0

yield(Y)s are modified per sample thickness by
multiplying geometrical factor of cos® and are
normalized with respect to that of normal incidence
ie. 6=0°
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Beam collimator: 0.2Wx0.8H
Electron suppressor: -500V
Sample: reference or sample
Absorber foil: 9.8:m Mylar
Collimator for recoil detector
Detector for recoil
Collimator for scattering
Detector for scattering

Fig. 3. Layout of target chamber for the scattering-recoil co-measurement. Scattering(S) and recoil(R) detectors are positioned
at 169.1° and 30° with respect to beam streaming direction. Both scattering and recoil spectra are measured simultaneously.

Fig. 4 (a) Channeling dip: silicon (100) axis is aligned with incident beam. (b) Blocking image: (100) silicon is aligned with

detector direction.
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Fig. 5. (a) "*O(o., 0)!®0 resonance scattering spectrum utilizing naturally forming surface oxide whose thickness is approximately
3 nm on (100) Si substrate. (b) Excitation curve of '®O(ct, 00)'®O as a function of terminal voltage. Because accelerator
of KIGAM is tandem Van de Graaff, ion beam of charge ¢, has the energy E=E,+(1+¢)XT.V. where, E, is pre-
acceleration energy at ion source and T.V. is terminal voltage.
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Fig. 7. Recoil and scattering spectra of the sample, 65 keV hydrogen implanted into 400 nm silicon-oxide on silicon substrate.
Incident energy(Ey) of He ion is 2.73 MeV and scattering and recoil angles are 169.1°, 30° respectively. Lines are
calculated spectra utilizing QUARK®. High energy peak around 1000 keV in recoil spectrum (a) is adsorbed or
contaminated hydrogen at surface and those peak of lower energy (approximately 500 keV) is recoil signal from buried
hydrogen by ion implantation. We used range distribution data calculated by SRIM 2003 for spectrum simulation. (b)
Corresponding backscattering spectrum from the sample of recoil spectrum (a).

Table 1. Quantitative results of hydrogen by scattering-recoil co-measurement method. Qe and Qyom, in second column are
ion beam fluence by simulation of scattering spectrum and by ion beam current integration respectively. Smaller
value of fluence ratio of Qg and Q. represents incomplete performance of beam current integration.

H contents determined by two method

. — Nominal
Sample Qucatt/Quom Charge m(.)mtormg Charge .monltormg H content
by current integrator by scattering spectrum
7.6 um polyimide film 100% 25.5 at.% 25.5 at.% 25.5 at.%

65 keV H implantation into
400 nm SiO, on Si
3.4 nm Au on C-wafer 73% 0.7 at.% 0.9 at.% -

80% 4.4x10' H/cm? 5.5x10' H/cm? 6x10'"°H/cm?
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