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1. Introduction
Photosensitive silica films, in which a permanent refractive index change is induced by
exposure to ultra-violet (UV) light, are of interest for the fabrication of integrated photonic
devices and circuits [1]. Such films, consisting of Ge- and Sn-doped silica, are being
fabricated at the Australian National University (ANU) by a plasma assisted deposition
technique known as Helicon Assisted Reactive Evaporation (HARE) [2]. The initial refractive
index of these films is related to their stoichiometry and can be altered further by controlled
exposure to UV light. Contaminants introduced into the films during deposition can degrade
their optical properties and are therefore also of interest. Hydrogen is of particular concern as
it causes optical absorption in the wavelength range of interest for communications
applications (1.3-1.5jxm).

High-energy heavy ion elastic recoil detection (ERD) analysis enables the detection of a broad
range of elements with almost constant sensitivity. A variety of recoil detection systems have
been developed for this purpose, including time-of-flight systems [3], magnetic spectrometers
[4], and quadrupole spectrometers [5]. However, these are often restricted to small acceptance
solid angles. Beam-induced sample modification, such as hydrogen release, can therefore be a
serious limitation [6]. The use of a position sensitive gas ionization detector [7] overcomes
these limitations for a range of important applications by operating with a large solid angle
and correcting the kinematic energy spread of the ions over large acceptance angles to provide
< 1% energy resolution.

In this study, heavy-ion ERD employing a novel position sensitive gas ionization detector is
used to characterize the composition, thickness, uniformity and hydrogen content of Ge- and
Sn- doped silica films. The technique is shown to provide this information in a single
measurement.

2. Experimental Details
For the measurements reported here, 214 or 241MeV 197Au projectile beams were produced
using the 14UD pelletron accelerator at the ANU. Recoiled ions were detected at a scattering
angle of 45° with a large-solid angle (~4 msr) position sensitive gas ionization detector. The
detector had a 0.5um Mylar window and was operated with a flowing propane ambient
maintained at a pressure of 70 mbar. The detector [8-10] has an anode that is partitioned into
two AE segments and a residual energy (Eres) segment. The second of the AE segments is
further segmented to provide position information in the scattering plane. The detector also
incorporates a grid electrode, located between the Frisch grid and the anode, which provides a
total energy signal. Elemental separation is achieved by plotting the energy loss of the recoils
over one (or both) of the AE segments, against the ion energy determined from either the sum
of the anode signals or directly from the grid electrode.

Hydrogen was detected either with a surface barrier detector located at the back of the
ionization detector or by the ionization detector itself. The ionization detector can be used in
several modes for hydrogen detection [11]. In the present case, it was used in a transmission
mode, where the recoiling protons passed through the detector and their energy loss was
determined from the residual energy electrode, with hydrogen being separated from low
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energy heavy ions by gating with a signal from the grid electrode. Both signals were
amplified with high gain for this purpose.

3. Results and Discussion

3.1 Stoichiometry and Thickness
Figure 1 shows a two-dimensional AE-E spectrum obtained from a nominally 1.25um thick
Ge-doped film. Ge, Ar, Si and O recoils can be identified; Ar is used to maintain the O
plasma during deposition. For thicknesses < 1.25um the film is resolved, and the
stoichiometry can be extracted from the total number of counts for each element after
normalisation with the respective recoil cross-sections. This assumes that all elements are
distributed uniformly throughout the film, which was found to be the case for most of the
films studied
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Figure 1. The energy loss of
recoils over the first section
(AEi) of the gas detector plotted
against their total energies for a
Ge-doped S1O2 film irradiated
with 241MeV 197Au using a
scattering angle of 45°. Ge, O,
Si and Ar recoils are easily
separated.
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Figure 2. Energy spectra for
Sn (top), Si and O (bottom)
recoils, gated from a 2-D
spectrum such as that depicted
in figure 1. Smooth lines
represent simulations of the
data with the RUMP code.
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The uncertainty in the stoichiometry is then dominated by the counting statistics and the
identification of the film-substrate interface in the Si spectrum. The average dopant fraction
was determined to better than 2% using this technique, and the stoichiometry of the films was
shown to be GexSii.x02.oo±o.o4- (Ar was present at ~2 at.%.). Similar results were determined
for Sn-doped films.

For non-uniform films and those thicker than ~1.25um, analysis was based on the full energy
spectrum for each element. The raw data were corrected for the kinematic energy spread over
the detector acceptance angle by using the position information recorded for each recoil.
Figure 2 shows typical O, Si and Sn spectra measured for a Sn-doped film. The increase in the
yields with depth is consistent with the expected increase in scattering cross-sections,
confirming the compositional uniformity of the layer.

Figure 3 shows the refractive index of Ge- and Sn-doped films, obtained from ellipsometry
measurements, plotted against the dopant oxide fraction determined from heavy-ion ERD.
The two datum points for 'pure' SiC>2 correspond to layers deposited under conditions similar
to those of the corresponding doped set.
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Figure 3. The refractive
index (ellipsometry)
plotted against the
dopant oxide fraction
(heavy ion ERD) for Ge
and Sn-doped silica
samples. The dotted
lines show linear least
squares fits through the
data.

3.2 Hydrogen Content

Figure 4 shows proton spectra measured by the Eres electrode. In general, these spectra
include high energy protons that pass through the detector, as well as lower energy protons
that stop under the Eres electrode. These two contributions have to be distinguished in a two-
dimensional plot of Eres and Grid signals. In this case, the silica films examined are
sufficiently thin that all the recoiled protons passed through the gas detector and the total
hydrogen content can readily be determined by integration of the spectrum.

The inset in figure 4 shows the hydrogen content of three Sn-doped films determined from the
surface barrier detector and as described above. The data show consistent results for both
detection methods. However, the acceptance solid angle of gas detector is almost 12 times
greater than that of the surface barrier detector.

In order to extract depth profiles from the measured spectra, the response function of the Eres
electrode was determined by measuring the uniform hydrogen distribution in a Kapton film.
This response function is also shown in figure 4. It reflects the relationship between the
energy loss detected by the Eres electrode and the total proton energy, a point which is
highlighted by the black circles that indicate equal total-energy increments (157keV). The
film thicknesses determined with this information were found to be consistent with those
obtained from the heavy ion data.
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Figure 4. H spectra from the Eres electrode. Spectra shown are for a thick ( ~1.7|im) (solid
line) and a thin (~1.25nm) (dotted line) sample. The response of the detector to a constant H
concentration was determined by measuring the H distribution in a uniform Kapton film
(smooth curve). The filled circles correspond to equal increments (157keV) of total proton
energy. The inset shows the H concentration measured by the gas ionisation detector and the
surface barrier detector for three Sn-doped samples.

4. Conclusions
Heavy ion ERD employing a position sensitive gas ionisation detector was shown to provide
important information for the characterisation of Ge- or Sn-doped silica films developed for
integrated photonics applications. This includes film stoichiometry, uniformity and thickness,
as well as the concentration of contaminants such as Ar and H, which were all obtained with a
single measurement. The average stoichiometry of thinner films (< 1.25um) was determined
to better than 2% accuracy by integration of the total yield for each element. Hydrogen
detection with the gas ionisation detector was demonstrated to yield the total hydrogen
content of the film and some information about the depth distribution.
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