The dependence of backscatter of high-irradiance
(10 '*-10'* W/cm %) Nd-laser pulses from prepulse-formed
plasma has been shown to be proportional to irradiance and
prepulse—to—main-pulse time delay, logarithmically depen-
dent upon prepulse amplitude, and insensitive to target ma-
terial and geometry. Although projections of these resuits
suggest that some laser-fusion designs may encounter ser-
vere backscatter, the applicability of these results to continu-
ous temporally structured pulses or their laser wavelength
scaling remains to be tested.
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are grateful to J.R. Greig for his aid and computer program
to calculate the Abel inversion of the electron density. This
work is sponsored by the U.S. Department of Energy.
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Technique for profiling 'H with 2.5-MeV Van de Graaff accelerators®
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We describe an elastic recoil detection (ERD) analysis technique for profiling 'H in the near-
surface regions of solids using a 2.5-MeV Van de Graaff accelerator commonly used for ion-
backscattering analysis. Energy analysis of 'H forward scattered by 2.4-MeV “He incident on the
target tilted at an angle of ~75° yields a depth resolution of <700 A and a sensitivity of better

than 0.1 at.% for 'H to depths of 0.6 um in solids.
PACS numbers: 41.80.Gg, 82.80. — d

Ion-beam analysis ' has been demonstrated to be a pow-
erful technique for sensitive measurements of the atomic
composition and impurity concentrations in the near-sur-
face (= 1-2 um) regions of solids. The most commonly used
techniques are ion-backscattering ? and nuclear-reaction
analysis. * In ion-backscattering analysis, light ions such as
H or He with energies of ~1-3 MeV are incident on the
sample under investigation and ions backscattered at some
well-defined angle are detected. Analysis of the energy dis-
tribution of these backscattered ions yields the near-surface
depth distribution of atomic species with masses greater
than that of the projectile beam. In nuclear-reaction analy-
sis, incident ions undergo inelastic nuclear reactions with a
particular isotope of interest in the target. The isotope of
interest is then profiled by analysis of one of the reaction
products—typically a particle or a ¥ ray.

“'Work sponsored by the U.S. Department of Energy under Contract
AT(29-1)-789.
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Hydrogen ('H) is the most difficult atomic species to
profile. Because of its light mass, ion backscattering cannot
be used; nuclear reactions which give good depth resolution
and sensitivity, * e.g., "H('’N,ay) '*C at 6.4 MeV "N ener-
gy or ;H(*°F,ay) '°0 at either 6.4 or 16.5 MeV '°F energy,
require higher energies than can be readily obtained from the
2.5-MeV Van de Graaff accelerators commonly in use for
backscattering analysis. A reaction *> which has been used to
profile 'H with 2.5-MeV Van de Graaff accelerators is
'H(''B,a) ®Be, where the *Be decays to 2a, which occurs at
a ''B energy of ~2 MeV; however, the resonance in this
reaction is relatively weak and there is a large nonresonant
contribution to the “He yield so that satisfactory measure-
ments of the 'H concentration are difficult to achieve. As a
result, most of the 'H profiling measurements to data have
been made using tandem Van de Graaff accelerators which
can readily provide moderate currents of either !N or '°F
at high energy.

We have developed a forward-scattering elastic recoil

© 1979 American Institute of Physics 811

Downloaded 02 Feb 2009 to 193.136.74.103. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp



INCIDENT
[ON l

®
APERTURE

detection (ERD) analysis technique which provides accu-
rate measurements of 'H concentration in the near-surface
region of solids using 2.5-MeV Van de Graaff accelerators.
The purpose of this letter is to describe this low-energy ERD
technique and compare it with high-energy ERD and with
nuclear-reaction analysis measurements of 'H using the
'H("°F,ay) '°O resonant nuclear reaction at 6.4 MeV '°F
energy.

Detection of forward-scattered ions has previously
been used to profile light atomic species (masses up to 20
amu) in thin films ° and in the near-surface region of solids. ’
These measurements used heavy projectile ions at high ener-
gy—e.g., >>Cl at 30 MeV—and yield a depth resolution of
%300 A and a sensitivity of 10 '* '"H/cm? The experimen-
tal arrangement we use for ERD is illustrated schematically
in Fig. 1. Since we are detecting the elastically recoiled parti-
cles, the angle between the detector and the incident beam
must be small; angles between 20 ° and 30 ° are typically used
with the sample tilted so that the angles between the sample
surface and the incident and recoiled beams are identical.
Because these angles are small, the surface of the sample
must be smooth to achieve good depth resolution. A 10-um
Al foil is used as a particle filter to shield the detector from
the forward-scattered analysis beam.

For smooth surfaces the depth resolution is determined
by the stopping power of the incident and recoiled ions in the
target and particle filter, straggling of recoiled ions in the
detector foil, by the scattering angle and by the solid angles
defined by the incident and recoiled beams. The depth reso-
lution and the depth which can be probed also depend on the
scattering angle and the angle of incidence. Depths of up to
1.5 um can be profiled with a depth resolution of ~300 A,
using 12-MeV '>C and a scattering angle of 30°. This is illus-
trated by the data in Fig. 2, where 'H profiles in silicon
nitride measured by nuclear-reaction analysis and ERD us-
ing 12-MeV '2C, as well as 2.4-MeV “He, are compared.

The nuclear-reaction analysis data ® in Fig. 2 were tak-
en using the 6.4-MeV resonance in the 'H(*°F,ay) '°O reac-
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FIG. 1. Schematic illustration of the experimen-
tal arrangement for profiling H in solids using
ERD.

tion. This resonance yields a depth resolution of ~ 140 A in
silicon nitride and a sensitivity of ~200 ppm. The nuclear
reaction data in Fig. 2 were taken using 2 4 C/point for a
total integrated charge of 66 uC, whereas the ERD data were
taken using a total integrated charge of 5 and 10 uC for the
"2Cand *He beams, respectively. As can be seen from com-
parison of these data, the sensitivity of ERD is quite compa-
rable to that of nuclear-reaction analysis while the ERD res-
olution is only down by a factor of ~ 2 for 12-MeV '2C. The
sensitivity of ERD was limited for this particular experiment
by the background produced from secondary collisions—
i.e., by multiple scattering of both the analysis and 'H recoil
beams—and by projectile ions which penetrated the (per-
haps nonuniform) detector foil.
A major advantage of the ERD technique is that low-

energy ions can be used to profile 'H; this is illustrated by the
data in Fig. 2. The depth-resolution capabilities for low-en-
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FIG. 2. Comparison between 'H profiles in Si,N, measured by nuclear-
reaction analysis using the '"H('°F,ay) '°0 resonance at 6.4- and

12-Mev ')CERD and 2.4-Mev *He ERD. The measured yields are plotted
on a log scale in units such that the yield differences are inversely propor-
tional to the time required to collect the spectra.
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FIG. 3. Comparison of the measured profile of implanted 'H in silicon
measured by ERD using 12-MeV '’C and 2.4-MeV “He.

ergy ERD isillustrated by the data in Fig. 3, where the ERD
profiles for 'H implanted into Si are compared for 2.4-MeV
*He and 12-MeV '*C analysis beams. The depth resolution
is ~700 A and the sensitivity is ~0.1 at.% for the 2.4-MeV
*He data. Although the depth resolution and sensitivity for
2.4-MeV “He beams are degraded from those for higher-
energy heavier analysis beams, much less energy is deposited
into the target. Hence, the target undergoes less heating for
low-energy “He analysis beams than for higher-Z analysis
beams and much less beam-induced sample damage is antici-
pated. Indeed, it may be that low-energy beams of higher
mass, e.g., '2C at 2.5 MeV, will yield advantages compared
to “He.

Another significant benefit of ERD compared to nucle-
ar-reaction analysis is that multiple light elements can be
profiled simultaneously with the same analysis beam. In par-
ticular, with 2.4-MeV *He, one can profile all of the hydro-
genisotopes— 'H, 2D, and *T—in one run. At a 30° scatter-
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ing angle, 'H, 2D, and T can be recoiled with sufficient
energy to penetrate the 10-um Al particle filter with surface
2D and *T both having a detected energy about two times
that of surface 'H. This capability is valuable for measure-
ments of hydrogen retention and isotopic exchange in first-
wall or coating materials subject to fusion reaction
environments.

In conclusion, ERD using a 2.4-MeV “He analysis
beam is a viable alternative to nuclear-reaction analysis for
obtaining 'H (and its isotopes) profiles in solids. Although
there is some loss in sensitivity (~0.1 at. %) and depth reso-
lution (~700 A) compared to high-energy ERD or nuclear-
reaction analysis, low-energy *He ERD offers such benefits
as: (1) less energy is deposited in the target to obtain a profile,
so that less beam-induced damage is expected; (2) the mea-
surement is sensitive to all hydrogen isotopes, and only hy-
drogen isotopes, simultaneously; and, perhaps, most impor-
tant, (3) hydrogen profiling measurements can be performed
inalow-energy accelerator laboratory using the same instru-
mentation currently used for ion-backscattering analysis.
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