by cooling. Furthermore, the concentration of the free charge carriers in layer 1 must be
such that the thickness of the depletion region is greater than the thickness of the high-~
resistance layer. The latter condition is satisfied at concentrationms <10*“ cm™>. We note
in conclusion that, owing to the high resistivity of the semiconductor layer in nonstationary
depletion operation, it becomes possible to match the parameters of the narrow-band photo-
conductor with the parameters of the scanning system.
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CHANGES IN THE OPTICAL PROPERTIES OF FILMS OF SILICON NITRIDE,
SILICON OXINITRIDE, AND SILICON OXIDE UPON ION IRRADIATION

N. N. Gerasimenko, T. I. Kovalevskaya, UDC 535.32
V. G. Pan'kin, K. K. Svitashev, and G. M. Tseitlin

Films of silicon nitride and silicon oxinitride on quartz or silicon substrates covered
with an oxide film are now being used as dielectric lightguides [1]. The manufacture of
various integrated optical elements on those films will be the next step in the production
of optical microcircuits. The refractive index of a well-specified section of the lightguide
must be modified when certain optical elements such as prisms, diffraction gratings, etc.,
are to be produced. It is a well-known fact that the index of refraction of oxinitride lay-
ers depends strongly upon their composition, mainly upon the ratio of the nitrogen and oxygen
concentrations in the layers [2]. The goal of the present work was to study the possibility
of changing both the composition and the index of refraction of oxinitride, oxide, and nitride
layers by incorporating nitrogen and oxygen ions.

We used films of pyrolytic silicon nitride and oxinitride and thermally produced oxide
films with a thickness d = 80 nm on silicon substrates. Ions with energies of 20-45 keV
were used for the irradiation; the current density was ~10 uA/cm®. The annealing took place
for 30 min in a nitrogen current at 800°C. The doses were selected so that the concentration
of the atoms incorporated was comparable with the concentration of the atoms in the target
and that the composition of the films could be noticeably modified. It is easy to estimate
that under the irradiation conditions selected, the dose of incorporating atoms must be ~10%7

cm™2, The refractive index n was determined with a laser ellipsometer at the wavelength

632.8 nm.

The changes which the irradiation with oxygen ions at a dose D = 2:10'7 cm™? effected
in the refractive indices of the nitride and oxinitride films were as follows: nipitial =

1.96 and 1.53 and nj,, = 1.63 and 1.50, respectively. The irradiation of the nitride and
oxinitride films with oxygen (D = 2¢10*7 cm~?) substantially reduces n (at doses D = 10*°
cm™? and smaller doses a decrease in n was not observed). The refractive index decreased

further (by 0.01) after annealing.
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Fig. 1. Change in the infrared
absorption spectrum (in relative
units) of a) a silicon nitride
film and b) a silicon oxinitride
film after irradiation with oxy-
gen ions at a dose of 2+107 cm™2,
Infrared spectrum before (1) and
after (2) ion irradiation.

The changes in both the structure and the composition of the films were observed via
the infrared spectra recorded in the region of the basic absorption bands (1200-800 cm™*).
The spectra were recorded with a DS-402G spectrophotometer. Figure 1 shows the infrared
spectra recorded from the silicon nitride samples. The basic absorption band, which results
from the valence oscillations of the Si-N bonds and which is normally located at 850 cm™?,
had a reduced intensity after irradiation with ions. Besides that, the band became broader
because the absorption at 1000-1070 cm™! had been increased ; the absorption at 1000-1070
em™' is normally caused by oscillations of the Si—0 bonds. This change in the absorption
spectra indicates that when Si;N, films are irradiated with oxygen ions, new chemical bonds
of the type of Si—0 are formed so that, after irradiation, the film has a composition close
to oxinitride.

After irradiation with the oxygen ions, the basic absorption band of the oxinitride
films had been shifted toward shorter wavelengths (see Fig. 1b); the absorption at 950~
1000 cm~! was slightly reduced. According to [3, 4], these results indicate that the amount
of oxinitridg in the film was reduced by increasing the oxide concentration. The observed
changes in the infrared spectra of the nitride and oxinitride films irradiated with oxygen
ions were even more pronounced after annealing. This also indicates that these changes are
associated with changes in the composition resulting from the chemical interaction of the ions
incorporated with the matrix molecules rather than with radiation-induced defects in the
films.

The infrared spectra of the SiO, films were noticeably modified by irradiation, but the
modifications were practically the same in the implanting of nitrogen or an inert gas (ar-
gon) and must be ascribed to radiation-induced defects, as observed in [5). A quantitative
analysis of the infrared spectra with proper regard for the changes in the form of the infra-
red bands (according to [3, 4]) by radiation-induced defects has shown that the concentra-
tion of oxinitride in the films can be at most 107 of the concentration corresponding to the
dose of the nitrogen incorporated. Changes in the substrate temperature (23-600°C), changes
in the dose (10%*%-5+10%7 cm~?), and subsequent annealing rendered the same results, i.e., a
large portion of the nitrogen incorporated does not interact with the target molecules.

These experiments, in which SisN, and oxinitride films were irradiated with oxygen iomns,
indicate that the nitrogen atoms are displaced by oxygen from the matrix molecules irradiated
with ions. This is obviously caused by the chemical activity of the oxygen atoms and ions,
which is greater than the chemical activity of nitrogen. The displacement of nitrogen atoms
from SisN, molecules by oxygen was also observed when oxygen ions were incorporated in SisN,
films in anodic oxidation [6]. It cannot be ruled out that when Si0, is irradiated with ni-
trogen ions, Si—N bonds are formed, but subsequently the nitrogen is expelled by oxygen ions
and the composition of the film remains practically unchanged.

130



Thus, it was observed that when silicon nitride and silicon oxinitride layers are irra-
diated with oxygen iomns, the refractive index decreases, with the decrease reaching ~157% in
the case of Si;N,. This decrease is accompanied by a change in the composition of the films.
Accordingly, the irradiation of certain sections of silicon nitride and silicon oxinitride
waveguides (sic) can be used to produce thin-film prisms, diffraction gratings, and other
integrated optical elements.

The authors thank L. S. Smirnov for useful discussions and V. V. Voskoboinikov for pro-
viding the silicon nitride and silicon oxinitride films.
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