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I nfluence of Heat-Treatment Atmosphere on the Bonding and
Optical Properties of SON Films Prepared Using PECVD
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The effects of anneding atmosphere on the Si-O, Si-N, Si-H, and N-H bonding characterigtics in SION films
and their structural and optical properties were investigated. X-ray diffractions showed no evidence of crystals
in any of the SION films. The deposition rate increased as the NO/SiH, flow ratio increased and the SiH,
flow rate increased. It was possible to obtain SON films with a surface roughness of about 1 nm and a
high deposition rate of about 4 umvh when the processing parameters were optimized at rf power of 200
W, a N.O/SiH, flow ratio of 3, and a SiH. flow rate of 100 sccm. The intensity of Si-O peaks increased
in the samples annedled in an oxygen atmosphere, but it decreased in the samples annedled in nitrogen atmo-
sphere. The intensity of the Si-N peak decreased in the samples annedled in an oxygen amosphere, but
it increased in the samples annedled in a nitrogen atmosphere. The position of Si-O pesks shifted from 1030
nm to 1140 nm in the samples annedled both in oxygen and in nitrogen atmospheres. We aso observed
that the intensities of the Si-H (~2250cm™) and N-H (~3550cm™) pesks decreased noticeably as the annedling

temperature increased in all annealed samples.
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Planar optical waveguides have received great interest in
the field of optical communication applications for many
years from many companies and universities™? In the pla-
nar optica waveguide, the opticaly guiding core layer is
sandwiched between a lower and an upper cladding layer.
Generdly, doping with Ge, P, or Ti is done to increase the
refractive index of the core layer relative to the cladding lay-
ers. The reletive difference of the refractive index between
the core and the cladding layers is called “index contrast”
and is an important parameter for controlling many optica
properties of the waveguide® Waveguides with a much
higher index contrast are required to decrease the size of a
device and to increase the density of devicesin awafer. This
has |eaded the recent development of new core materiasthat
have high refractive indexes, most notably silicon oxynitride
(SION).*® The high refractive index contrast waveguide
technology based on silicon oxynitride (SION) makesit pos-
sible to fabricate waveguides with considerably higher index
contrasts and, thus, amuch smaller waveguide bending radii.

The plasma enhanced chemica vapor deposition (PECVD)
technique has been used to obtain amorphous non-gtoichio-
metric SON films from slane and nitrous oxide in recent
years™ There have been many reports on the preparation of
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SION thin films with high deposition rates using PECVD.
The fundamental advantage of thistechniqueisthat it is easy
to control the structural, mechanical, and optical properties
of the films deposited by adequately adjusting the deposition
parameters®® However, thistechnique hasthe serious prob-
lem of remaining Si-H or N-H bonds, which have detrimen-
tal effects on the optical properties of the film, remaining
inside the film even after the post-annealing process. There-
fore, systematic study is needed on the post-annealing effect
on the remaining bonding characterigtics inside the SION
films.

In this study, we prepared SION films by PECVD and
investigated the basic properties of SON films, such as
refractive indices and the microstructure. In particular, we
have focused on the effects of the post-anneding condition
that varies by changing the temperature and ambient on the
chemica bonding characteristics inside the SION films.

The SION films were deposited by the PECVD technique
from appropriate gaseous mixtures of slane (10% SiH,,
diluted in N) and electronic grade nitrous oxide (99.999%
N;Q) in a capacitively coupled reactor. The plasmawas acti-
vated by a13.56 MHz radio frequency (rf) signal applied via
amatching box to two 400-cm’ parallel grids. The substrate
holder lies 2.35cm below the grids in order to minimize ion-
bombardment. All the films were deposited on one-side pol-
ished p-type (14-20 ohm cm) slicon (100) wafers. SON
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Table 1. Parametersfor the deposition of SION filmsusing PECVD

Parameters Value
RF power (W) 100 ~ 200
SiH, flow rate (sccm) 50~ 200
NO/SiH, flow ratio 3~12
Pressure (torr) 0.2~05

films with different nitrogen, silicon, and oxygen contents
were obtained by varying the process parameters such as,
N.O/SiH,, SiH, flow rate, RF power, and working pressure,
as shown in Table 1. The deposited samples were anneded
a different temperatures (800°C-1100°C) and in different
ambient (Air, N, or O,) for 1 hour.

The crystalinity and microstructure were characterized by
X -ray diffraction (XRD) (X' pert-PRO, PHILLIPS, Nether-
land), scanning electron microscopy (SEM) (S-4700, HITA-
CHI, Japan), and atomic force microscopy (Nanoscope 1V,
Digital Instrument, USA). A prism coupler (MODEL-1550,
Fi-ra, South Korea), having aHe-Ne laser at awavel ength of
632.8nm as a light source, was employed to obtain the
thickness and the refractive index of the samples. The com-
positiona and chemica bonding properties of the as-grown
and anneded samples were characterized using Fourier
transform infrared (FT-IR) spectrometer (NICOLET 520T,
Nicolet instrument, USA).

A number of SON films were grown in this study by
changing the varying process parameters, as shown in Table
1. While trying to find the best process condition in which
the SION films can be grown with highest deposition rate
and without any artifacts, it was found that the deposition
rate strongly depends on the process parameters. The deposi-
tion rate increased linearly as the silane flow or rf power
increased. Little change in the deposition rate was observed
as the N,O/SIH, flow ratio or substrate temperature was
changed. The refractive index was aso observed to increase
linearly as the rf power or N,O/SiH, ratio increased. The
refractive index remained amost unchanged as the tempera-
ture or silane flow rate were changed. Among these experi-
mental conditions, we selected the optimized experimental
conditions for the deposition of SION thin films to investi-
gate the post-annedling effect. Therefore, SON films with a
refractive index of 1.46798 and athickness of 3.78 um were
deposited with process parameters of 200 mTorr, 200 W, 350
°C, and aN,O/SiH, flow ratio of 3in this study.

Figure 1 shows XRD patterns of SION thin films annedled
at various temperatures from 800°C to 1100°C for 1 hiin air
ambient (a) and a plan-view SEM micrograph of the SSON
film annealed at 1100°C for 1h. No diffraction peaks except
the Si substrate peak are observed in the XRD pattern, which
indicates that SON films remain in the amorphous phase
even after the annealing process. The extremely smooth sur-
face microstructure and lack of contrast difference that
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Fig. 1. X-ray diffraction patterns of SION thin films annedled at vari-
ous temperatures from 800°C to 1100°C for 1 hin air ambient (a) and
aplan-view SEM micrograph of the SION film annealed at 1100°C
for 1hin O, ambient.

shows the microgtructura change is observed in the SEM
image (Fig. 1(b)). This result is highly consistent with the
XRD result.

Magnified FT-IR spectra shows that peaks for the Si-H
bonds of the as-deposited SION film and of the SION films
annedled at different temperatures and in different ambient
such as air (a), O (b), and N (c) are shown in Fig. 2. It is
clearly observed that the peak intensities of the Si-H bonding
in all samples decrease as the anneding temperature
increases. It was also observed that the intensity of peaksfor
N-H bond decreased as the anneding temperature increased
(data are not shown here). The effects of the post-annedling
conditions on the refractive index of SION films were dso
investigated.

Figure 3 shows a change in the refractive index of SION
films, which were annedled in different ambients of O, ()
and N (b), as a function of anneding temperature. The
refractive index decreases as the annedling temperature
increases in al samples. These results are highly consistent
with those reported elsewhere™ It is interesting to see that
there is a difference in the decrease of the refractive index
between the SION film annedled in O, ambient and the film
annealed in N, ambient. The refractive index of SION films
annealed in O, ambient decreases from 1.46798 to 1.44968
and that in N, ambient drops from 1.46798 to 1.45921. This
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Fig. 2. Magnified FT-IR spectra of the as-deposited SION film and of
SION films annedled at different temperatures and ambient such as
air (a), Oz (b), and N2 (c).

result showsthat it is more efficient in keeping the refractive
index of SION filmsto annedl the SON film in N, ambient
rather than in O, ambient.

We aso investigated the intensity change of the S-O
stretching peaks in SION films annealed in different
ambients as a function of annealing temperature because
the Si-O dretching peak may cause mechanicad stress
inside the film."” Figure 4 shows the intensity change of the
Si-O gretching peaksin SION films, which were annedled in
Ozambient (a) and in N,ambient (b), asafunction of anneal-
ing temperature. The intensity values were obtained from the
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Fig. 3. The change in the refractive index of SION films, annealed in

different ambient of O, (a) and N (b), asafunction of annealing tem-
perature.
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Fig. 4. The intensity change of the Si-O stretching peaks in SION

films, annealed in O, ambient (a) and in N, ambient (b), asafunction
of annealing temperature.
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FT-IR spectra at around 1050cm™. The intensity of the Si-O
sretching peak was observed to increase in SON films
annealed in O, ambient, decreasing in N, ambient. Detailson
the relationship between the intensity change of the S-O
sretching peak and the mechanica stress remaining inside
the film will be studied further.

In summary, the effects of silicon oxynitride films in dif-
ferent ambients were investigated. Irrespective of the anneal-
ing atmosphere, Si-H and N-H bonds disappear with an
increase in the annedling temperature (800°C-1100°C).
Also, the refractive index of films annedled at atmospheric
pressure in a steam-nitrogen ambient shows more stability
than in a steam-oxygen and atmosphere ambient. We guess
that the annealing ambient and temperature are highly effec-
tive for the mechanica stress of SON films.
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