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Phosphorus determination, at level of percent, in Si matrix is not an easy analytical task. The
analyzed materials arc Borophosphosilicate glass which are an important component of silicon
based semiconductor technology. It's a thin S1O2 layer (400 nm) doped with boron and
phosphorus using, in general, CVD (Chemical Vapor Deposition) process, in order to improve its
plasticity, and deposited onto Si substrate. Therefore, the mechanical behaviour of the CVD
SiO2 (P, B) layer is very (sensitive to the phosphorus concentration.

In this work we explore the capability of PDOE (Particle induced X-ray Emission) to monitor a
rapid and accurate quantification of P which is usually very low in such materials (few percent of
the thin CVD layer deposited onto a silicon substrate). A systematic study is undertaken using
Proton (0.5-3 MeV energy) and helium (1-3 MeV energy) beams, different thickness of X-ray
absorber (131 and 146 |im of Kapton filter) and different tilting angles (0,45,60 and 80°). The
optimized measurement conditions should improve the P signal detection comparing to the Si
(Fig.I) and Background ones.

In charged particle excitation, the main background contribution in the X-ray spectra is the
bremsstrahlung from the: secondary electrons produced in the target by the impinging ions. The
generated background gives rise to a significant or even large background signal in the X-ray
spectrurn, with a maximum at the lowest detectable energy, followed by a roughly exponential
decrease [1]. This background severely limits the detection sensitivity for elements with low
atomic number. Furthennore, for a given incident ion, the bremsstrahlung decreases with the
energy of incident ion, much higher than the cross-section for inner shell ionization [2].

Thus, Low Energy PDCE (LE-PIXE) using protons of less than 1 MeV or alphas of less than 2
MeV could enhance significantly the peak to background ratio for light elements. It seems to be
very powerful and sensitive technique for the characterization of elements of Z < 20 in surface
and near surface regions [2-3]. We demonstrate that 600 keV proton and 1.5 MeV helium under
normal incidence, using 146-um kapton as X-ray absorber, permit an accurate quantification of
phosphorus within few minutes of acquisition time, with acceptable LOD (Limit of Detection)
and a relative high sensitivity. The sensitivity for phosphorus determination is highly improved
when using grazing angles (806). In this way, protons of 1 MeV energy can be used and we shall
have less acquisition time and LOD.

The CVD layers of the different samples were obtained by mixing silane gas with a few percent
of phosphine and boron. The percentage of the phosphine gas in the CVD gas mixture varies
from 0 to 4 % (0, 2, 3,3.5 and 4%). The thickness of the CVD deposited layer was ~ 400 nm
measured by ellipsometry and checked by RBS. The PDCE results shows that the phosphorus
concentration in the C\T3 layer varies linearly with the percentage of the phosphine gas used in
the CVD gas mixture.
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Figure 1: Variations of Yp/Ysi (see text) against incident particle energy for hydrogen beam,
using 131 fim and 146 pm kapton X-rays, and for helium beam (146/im kapton). The variations
of the K-X rays production cross section ratio between phosphorus and silicon fakx(P)/irkx(Si)J
are shown for comparison.
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