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ABSTRACT

Amorphous hydrogenated silicon nitride films have been deposited by the electron
cyclotron resonance plasma technique, using N, and SiH4 as precursor gases. The gas flow
ratio, deposition temperature and microwave power have been varied in order to study their
effect on the properties of the films, which were characterized by Rutherford back-scattering
spectrometry, elastic recoil detection anadysis (ERDA), Fourier transform infrared
spectroscopy, and ellipsometry. All samples show N/Si ratios near or above the stoichiometric
value (N/Si=1.33). The hydrogen content determined from ERDA measurements is
significantly higher than the amount detected by infrared spectroscopy, evidencing the
presence of non bonded H.

As the N2/SiH, gas flow ratio is increased (by decreasing the SiH, partial pressure),
the Si content decreases and the N-H concentration increases, while the N content remains
constant, resulting in an increase of the N/Si ratio. The decrease of the Si content causes a
decrease of the refractive index and the density of the film, while the growth ratio aso
decreases due to the limiting factor of the SiH,4 partial pressure. The infrared Si-N stretching
band shifts to higher wavenumbers as the N-H concentration increases.

The increase of deposition temperature promotes the release of H, resulting in a higher
incorporation of N and Si into the film and a decrease of the N/Si ratio. The effect of
increasing the microwave power is analogous to increasing the N»/SiH, ratio, due to the

increase in the proportion of nitrogen activated species.



I INTRODUCTION

Silicon nitride (SiNx:H) is an extensively used dielectric in both silicon and I11-V
semiconductor device technologies. The most usual applications include passivation layers[1,
2], optoelectronic devices [3, 4], thin film transistors (TFTS) [5, 6], and metal-insulator-
semiconductor (MIS) devices [7, 8]. Plasma deposited silicon nitride has also emerged as a
passivating material for crystaline silicon solar cells, which simultaneously provides good
antireflection properties [9, 10].

Electron cyclotron resonance plasma enhanced chemica vapor deposition (ECR-
PECVD) is a well established technique for the deposition of SiNx:H films. As other plasma
techniques, it allows low deposition temperatures, satisfying the requirements of ultra large
scale integration technology (ULSI) [11, 12]. Additionally, substrates are placed outside the
plasma region, reducing the damage produced by ion bombardment [13]. Finally, the ECR
technique is a very efficient method for the activation of the precursor gases [14, 15],
obtaining high density plasmas and making possible the use of N, instead of NHs, thereby
reducing the H content of the films.

There is extensive research devoted to the analysis of the properties of amorphous
hydrogenated silicon nitride films deposited by ECR [16, 17, 18, 19, 20]. Films with N/Si
ratios greater than 1.33 show good interface properties when used in silicon based MIS
devices [18, 21]. Additionally, nitrogen-rich films have been found to passivate the
phosphorus vacancies in InP based MIS structures, allowing good interface properties without
the deposition of an interface control layer [22, 23, 24].

In this paper, the influence of gas flow ratio, deposition temperature and microwave
power on the properties of ECR deposited N-rich SiNy:H films will be analyzed in detail. The
films have been characterized by Rutherford back-scattering spectrometry (RBS), elastic
recoil detection analysis (ERDA), Fourier transform infrared spectroscopy (FTIR) and
ellipsometric analysis. The combination of the composition measurements (RBS and ERDA)
with the information on the bonding structure derived from FTIR spectroscopy has allowed a
detailed study on the incorporation of H to the films and its effects on the composition,
density and structural properties.

Il EXPERIMENT

The SINk:H films have been obtained by ECR-PECVD. The load-locked deposition
system (Plasma Technology AMR) has been described previously [25]. It is of stainless steel
construction and pumped with a 1000 I/s Leybold turbomolecular pump, capable of reaching



base pressures of about 10’ Torr. The process chamber was equipped with a retractable
Langmuir probe (HIDEN Analytical) which could be positioned in the vicinity of the
substrate for plasma monitoring. Electronic grade nitrogen and silane were introduced into the
ECR plasma chamber and the process chamber, respectively, the latter through a gas
distribution ring.

Polished p-type silicon wafers (resistivity about 1 ©cm) were used as substrates.
Before film growth, these substrates were subjected to standard RCA cleaning, dipped in 10:1
diluted HF solution and blown dry using nitrogen. Different sample series were deposited
with a constant N gas flow of 50 sccm and a SiH,4 flow ranging between 2 and 5 sccm, so
that the N/SiH,4 gas flow ratio varied from 10 to 25. Deposition temperature was varied from
230 °C to 500 °C, while microwave power was in the range between 200 W and 500 W.
Pressure was kept constant at about 3.5 mTorr. Table 1 shows the deposition conditions for
the most representative samples.

The refractive index and thickness of the films were determined by a PLASMOS
SD2100 ellipsometer at an incidence angle of 70° and a wavelength of 633 nm. A
J.A.Woollam Company M-88 ellipsometer was also used at angles of incidence between 65°
to 75° to measure the wavelength dependence of the refractive index over the spectral range
280-760 nm. The refractive index of the film was modeled using the Cauchy dispersion
equation [26]. The hydrogen, silicon, and nitrogen content were measured by RBS and
ERDA, using 1.5 MeV He" ions at 160° scattering angle for RBS and 26° for ERDA. The
measurements were carried out at Surrey University (UK) and the WinNDF code based on
simulated annealing [27] was used for data analysis. Absolute RBS errors can be estimated as
15 %, while ERDA errors are +10 %.

FTIR spectroscopy was performed using a Nicolet MagnalR 750 series |l
spectrometer. The spectra were measured in the transmission mode at normal incidence.
Bonded hydrogen content was determined from the Si-H and N-H stretching bands according
to the well known method developed by Lanford and Rand [28]. The error of these bond
concentrations is difficult to estimate, because it depends not only on the calibration factors
and sample thickness, but also on the subjective error introduced by the experimenter during
the process of baseline correction prior to the calculation of the band areas. Overall it can be
estimated to be +10 %.



[l RESULTS
A. Growth rate

Growth rate was determined from the thickness of the films obtained by ellipsometry.
Figure 1 shows the growth rate as a function of deposition temperature (Ty) for samples
deposited at 500 W and No/SiH4=12.5. The growth rate remains roughly constant for T4 up to
about 300 °C and then it increases, with a steep raise for T4=500 °C. Concerning the influence
of the gas flow ratio, a decrease of the growth rate when decreasing the SiH, partial pressure
was observed. This is the expected behavior, as silane is the precursor gas which limits the
reaction [29, 30].

B. RBSERDA

The hydrogen, nitrogen and silicon atomic concentrations measured by RBS and
ERDA are shown in Table 1. The concentrations were obtained by normalizing the RBS or
ERDA atom/cm? count to the thickness of the films. The atomic per cent content of each
species was calculated normalizing the total H, Si, and N content to 100%. A 10% relative
error is estimated for these results.

Most samples show a N/Si ratio higher than the stoichiometric value, so that N-rich
films were obtained. By stoichiometric films we mean N/Si=1.33, athough actual
stoichiometric films should have no H content. In the same way, we call N-rich those samples
with a N/Si ratio greater than 1.33, even if due to the H content the N atomic percent is lower
than in pure stoichiometric SisN4 films. N/Si ratios below 1.33 were obtained for samples
deposited at high silane partial pressure and high temperature, though the 1.33 value fits
within the error margin for all samples.

Concerning the influence of the different deposition parameters, the following broad
trends are observed. As the silane partial pressure during deposition is increased, the silicon
content increases, while the N content remains roughly constant and the H content decreases,
so that the N/Si ratio decreases. When increasing Tg, both the N and Si content increase, while
the H content significantly decreases. If density calculations are performed from the
concentrations of the different species, an increase of the density of the film is observed when
increasing Ty. Additionally, the N/Si ratio is lower for the higher values of Tg4, so that the

incorporation of Si is enhanced with respect to the incorporation of N when Ty isincreased.



C. FTIR Spectroscopy

The FTIR spectrum of the samples is dominated by the Si-N stretching band, with its
maximum located between 840 and 860 cm™* depending on the deposition conditions. The N-
H stretching band is also present, as well as a very weak Si-H stretching band. The
concentrations of N-H and Si-H bonds are shown in Table 1. It must be noted that the Si-H
results must be handled with care, as the concentration is very low and close to the detection
limit. However, the trends are very clear.

In al samples the N-H bond concentration is about one order of magnitude higher than
the Si-H one. This result is perfectly consistent with the N/Si ratios above 1.33 obtained by
RBS.

The maximum value of the total bonded hydrogen content is about 1x10% cm™ and it
is obtained for the samples deposited at the lowest temperature and highest No/SiH, ratio
(lowest SiH,4 flow). The low value of bonded hydrogen is characteristic of ECR deposited
SiNx:H using Ny as precursor gas for nitrogen instead of NH3 [31, 32]. It must be noted,
however, that the H content obtained by ERDA is significantly higher than the FTIR results,
as shown in Table 1. FTIR spectroscopy detects only H present in the form of N-H or Si-H
bonds, while ERDA detects both the bonded and non-bonded H. So we conclude there is a
significant amount of non-bonded H in the samples. Evidence of the presence of non-bonded
H in SINgH films has already been reported and is known to play an important role in
structural relaxation processes [33, 34]. Figure 2 shows the non-bonded hydrogen content
obtained by subtracting the total bonded H content calculated by FTIR spectroscopy from the
total hydrogen detected by ERDA. Lower non-bonded H values are obtained for higher
deposition temperatures.

Regarding the bonded hydrogen content, Figure 3 shows the N-H and Si-H bond
concentrations as a function of the N./SiH, ratio for two series deposited at different substrate
temperatures. The two types of bonds follow opposite trends. While the N-H bond
concentration increases for higher values of the N,/SiH; gas flow ratio and decreases for
higher deposition temperatures, the Si-H concentration decreases in the first case and
increases in the second. As the total bonded H content is mainly due to N-H bonds, it follows
their same trend.

As the N2/SiH, ratio increases, a shift (up to about 13 cm™) of the Si-N band to higher
wavenumbers is observed, coincident with the increase of the N-H bond concentration. Figure
4 shows the trends for the wavenumber of the Si-N stretching band. When the deposition

temperature is increased, a shift of the Si-N band to lower wavenumbers is observed, again in
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coincidence with the trend of the N-H bond density. The Si-N band also gets narrower for
higher temperatures, as shown in Figure 5 by the full with at half maximum (FWHM)
parameter.

The effect of increasing the microwave power during deposition is very similar to
increasing the N,/SiH, ratio: the Si-N band dlightly shifts to higher wavenumbers, the N-H

concentration increases and the Si-H concentration decreases.

D. Refractive index

The relation between the refractive index (measured at 633 nm) and the N./SiH, ratio
is shown in Figure 6 for samples deposited at 400 W and T4=310 °C. A decrease from 1.94 to
1.88 is observed when N2/SiH, increases from 10 to 25 (corresponding to a decrease of the
SiH,4 flow from 5 sccm to 2 scem). Figure 7 shows the refractive index versus wavelength for
samples deposited at 500 W, No/SiH,=12.5 and different deposition temperatures. An increase

to higher values of the refractive index is observed when increasing Tg.

IV DISCUSSION
A. Influence of the gasflow ratio

The main reaction during the deposition of SiNx:H is the formation of Si-N bonds
from the plasma activated N»* species which react with the SiH, molecules. It can be assumed
that no N-N bonds are formed due to their low binding energy E(N-N) = 1.65 eV with respect
to other bonds actually present in the films: E(Si-N) = 3.45 eV, E(N-H) = 4.05 eV, E(Si-H) =
3.34 eV and E(SI-Si) = 2.3 eV [35]. Si-Si bonds, despite their relatively low binding energy
(but higher than that of N-N bonds), are known to play an important role in the properties of
SiN,:H films [36]. Additionally, hydrogen is incorporated in the form of Si-H and N-H bonds,
aswell asin atomic or molecular form in microvoids of the structure.

It is well known that the composition of the films is strongly dependent on the
deposition conditions. When low N,/SiH, ratios or low values of microwave power are used
silicon-rich films are obtained, as the SiH, species produce Si-Si and Si-H bonds in the
growing film [37]. On the contrary, when the N,/SiH, ratio or the microwave power are
increased, stoichiometric or nitrogen-rich SiN,:H films can be obtained. Silicon-rich films
usually have a higher concentration of Si-H bonds than N-H bonds, while nitrogen-rich films
show the opposite behavior [38, 39].

It is usually found that, for a given N./SiH, ratio, there is a threshold value of the

microwave power for which there are enough N>* activated species to react with the activated



SiH,4 to exhaustion. In an analogous way, for a given microwave power, there is a threshold
value of the N,/SiH, ratio for which the same result is obtained [40]. Once this threshold
value has been reached, near stoichiometric SINy:H films are obtained, while Si-Si and Si-H
bonds tend to disappear. Further increase of the microwave power or the No/SiH, ratio
enhances the incorporation of N to the films, mainly in the form of N-H bonds [38, 39].

In this work, all samples show a concentration of N-H bonds significantly higher than
the Si-H concentration, suggesting the films are N-rich. This conclusion is supported by the
RBS measurements of the N and Si concentrations, which give N/Si ratios above 1.33 for all
samples within the error margin.

Additionally, the growth rate significantly decreases when increasing the N,/SiH, ratio
(that is, when decreasing the SiH, partial pressure). This same result has been widely reported
[29, 30, 41] and is explained as follows. For high N2/SiH, gas flow ratios, such as those used
in this work, there is an excess of N,* activated species, so that deposition rate is controlled
by the arrival of silane species at the surface of the film. In this work, the increase of the
N./SiH,4 ratio means a decrease of the amount of SiH,; during deposition, and therefore a
reduction of the number of Si-related species. Hence the reaction is inhibited and the growth
rate decreases. This result is supported by Langmuir probe measurements carried out above
the growing film. Figure 8 shows the total ion density measured for different No/SiH, ratios.
This parameter behaves in an opposite way to the growth rate. Optical emission spectroscopy
measurements have shown that N, ions are the predominant species in the downstream
region of an ECR N, plasma [42, 43]. This is likely to be the case in the present work. As
total N, flow is constant, the increase of the N./SiH, ratio means a lower number of silane
species to react with. So, a lower proportion of N, ions can react, the ion density increases
and the reaction rate decreases. (Note that the data of Figure 8 were recorded using non-
optimized settings for the magnet currents. Using the optimized settings employed during film
growth resulted in an order of magnitude increase in the ion density, with the same trend as
shown in thisfigure).

The behavior of the growth rate is perfectly consistent with the conclusion that N-rich
films have been obtained. However, even if there is an excess of No* species to react with the
activated SiH4 molecules until exhaustion, there is till a small amount of Si-H bonds, which
suggests that the reaction mechanisms of SiH, to produce Si-Si and Si-H bonds are still
present, although in avery low proportion.

Composition of the films is also affected by the N./SiH, ratio. As this parameter

increases, both the Si content and Si-H concentration decrease, while the N content remains



constant and the N-H concentration increases. There are two mechanisms for the
incorporation of N to the films by the formation of either Si-N or N-H bonds, the former
being the predominant reaction. As the N,/SiH, ratio is increased, it is expected that an
enhancement of the incorporation of N with respect to the incorporation of Si occurs in the
film, so that a higher N/Si ratio is obtained. Once the stoichiometric value N/Si=1.33 has been
reached, this parameter can increase by three different mechanisms: the substitution of Si-H
bonds by Si-N bonds, the substitution of Si-Si bonds by Si-N bonds, and the substitution of
Si-N bonds by N-H bonds. The first mechanism must be present, as the Si-H bond
concentration decreases (Figure 3). However, this mechanism is not very significant, as the
Si-H concentration is very low. The same conclusion can be extended to the Si-Si bonds,
which must be in very low proportion if they are present at all in the film. Additionally, any of
these mechanisms should result in an increase of the N content, rather than the observed
decrease of the Si content. Figure 3, shows the increase of the N-H bond concentration as the
N2/SiH, ratio increases, which suggests that the results are explained by the formation of N-H
bonds at the expense of Si-N bonds, so that the N content remains constant while the Si
content decreases and the N-H concentration increases.

It is important to note that the increase of the N/Si ratio observed when increasing the
N2/SiH4 ratio is not due to an increase of the N content, but a decrease of the Si content. This
result supports the conclusion that the reaction for the formation of Si-N bonds is saturated.
However, a different mechanism for the incorporation of N to the film is the formation of N-
H bonds. In this work, the N2/SiH, ratio is increased by decreasing the SiH,4 gas flow. So,
while the number of activated N,* species remains constant, the number of activated Si
related species decreases, resulting in a lower reaction rate and an increase of the
concentration of excess Ny* species. This excess N>* enhances the reaction to form N-H
bonds, so that the overall result is a film with a higher N-H concentration and a lower Si
content, while the N content remains constant. It is concluded that even for N-rich samples, a
relative increase of N,* activated species with respect to the Si related ones has an influence
on composition due to the formation of N-H bonds.

Figure 4 shows the shift of the Si-N stretching band to higher wavenumbers as the
N2/SiH,4 ratio increases. This shift is related to the increase of the N-H concentration. A
similar behavior has aready been reported and attributed to the different electronegativities of
H and Si. The presence of a H atom bonded to a N site, in place of a Si atom, results in a
decrease in the length of neighboring Si-N bonds and, therefore, an increase in the oscillating

frequency [44, 45].



Figure 9 shows the wavenumber of the Si-N stretching band as a function of the N-H
concentration for samples deposited at different conditions (gas flow ratio, temperature and
microwave power). This same trend has been reported by other authors [44, 46], athough for
the same values of N-H concentration higher values of the Si-N wavenumber are obtained in
this work. In addition to the influence of the N-H concentration, the exact location of this
band also depends on other characteristics of the films such as the Si-Si and Si-H
concentration or the stress. The trend observed in Figure 9 suggests that the shift of the Si-N
band to higher wavenumbers is related directly to the increase of the N-H concentration rather
than to a direct effect of the changing of the N/Si ratio of the film when increasing the
N2/SiH4 ratio.

The decrease of the refractive index when increasing the N,/SiH, ratio, shown in
Figure 6, is explained by the decrease in the Si content of the film. It has been reported that a
change in the refractive index value from 2.3 to 3.6 occurs for samples with composition
varying from silicon nitride to amorphous silicon [41]. Films deposited using pure silane had
a refractive index of 3.9, which corresponds to amorphous silicon [47]. As the N2/SiH, ratio
increases, less S is being incorporated to the films, so that the refractive index decreases.
Additionally, samples deposited at the highest N./SiH, ratios show a lower density,
(calculated from the H, N, and Si concentration) than those deposited at the lowest N/SiH,4
ratios. This lower density may also be related to the lower refractive index values of those

samples.

B. Influence of the deposition temper ature.

The deposition temperature (Tq4) has been found to strongly influence the properties of
the films. The growth rate increases when increasing T4, as shown in Figure 1. For low
deposition temperatures, below 400 °C, there is no significant change in the growth rate.
However, when Ty is raised up to 500 °C, there is a steep rise in the growth rate. This non
linear behavior suggests a thermal activation process, with a threshold value around 500 °C.
This temperature is high enough to result in a significant activation of SiH, at the surface of
the growing film, resulting in an enhanced deposition rate.

Other authors have reported a decrease of the growth rate when increasing Ty for ECR
deposited SiNx:H films, for similar deposition temperatures to those used in this work [29, 46,
48]. In these references the decrease of the growth rate is explained by the release of NHy
species, which is enhanced by the increase of Ty. A decrease of the N-H bond concentration

when increasing Ty is indeed observed in our samples (Figure 3). So, a similar H release



mechanism may take place. However, it must be noted that the growth rate in this work (15-
20 nm/min) is much higher than those reported in references [29], [46], and [48], which
makes the release of NHy species less likely, and the effect of this mechanism on the growth
rate is less significant than the increase associated to the thermal process discussed above.

Concerning composition, when Ty is increased both the Si and N content increase
while the H content decreases. Additionally, the N/Si ratio decreases. The increase of Ty
activates the release of non-bonded H and the breaking of weak H bonds so that the H content
decreases, and the relative amount of N and S increases, resulting in a more dense film.
Additionally, T4 enhances the incorporation of Si to the film with respect to the incorporation
of N, as evidenced by the decrease of the N/Si ratio. This result is consistent with the SiH,4
activation process explained above, as a higher concentration of active Si species would result
in a higher incorporation of Si to the film. However, the decrease of the N/Si ratio is observed
even for the samples deposited at temperatures too low for the activation process to take
place. Therefore, there must be an additional mechanism to explain this result.

As previoudly discussed in section A, N-H bonds are incorporated at the expense of Si
atoms. Therefore, the decrease of the N-H bond concentration when increasing Ty resultsin a
higher Si content, as Si-N bonds are formed instead of N-H bonds. So, the effect of increasing
T4 is opposite to increasing the No/SiH, ratio.

The effect of Ty on the bonded hydrogen content is shown in Figure 3. The N-H
concentration decreases, while the Si-H concentration increases. A similar behavior has been
reported when SiNyH films are annealed at temperatures below 500 °C [19]. In this
temperature range, the following reaction takes place, resulting in an increase of the Si-H
bond concentration and a decrease of the N-H one [49]:

Si-Si + N-H — Si-N + Si-H. Q)

However, the decrease observed for the N-H concentration is higher than the increase
of the Si-H concentration. Additionally, the samples studied in this work show N/Si ratios
above the stoichiometric value, with avery low concentration of Si-Si bonds. So, this reaction
alone does not explain the results obtained in this work. The increase of the Si-H and the
decrease of the N-H concentrations are related to the change in composition when increasing
Ta, Which has been discussed above. There is a substitution of N-H bonds with Si-N bonds
which explains the decrease of the concentration of N-H bonds, while the enhanced
incorporation of Si with respect to N results in an increase of the Si-H concentration.
Additionally, the N-H bond concentration may decrease due to the release of NHy volatile

species when increasing Ty, as previously suggested.
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As Ty is increased, a shift of the Si-N stretching band to lower wavenumbers is also
observed (Figure 4). This shift is related to the decrease of the N-H bond concentration, as
explained above.

Figure 5 shows the FWHM of the Si-N stretching band as a function of Ty. This
parameter is related to the structural order of the film, with a higher value of FWHM meaning
a higher disorder, as the dispersion of different bonding environments is higher [50]. As Ty is
increased, a decrease in FWHM is observed indicating an improvement of the structural order
and therefore an improvement of the quality of the films.

Finally, the refractive index increases when increasing Ty, as shown in Figure 7. This
increase of the refractive index is related to the densification of the film and the change in

composition, resulting in ahigher Si content.

C. Influence of the microwave power.

The effect of increasing microwave power is very similar to increasing the No/SiH,4
ratio (decreasing the SiH, partial pressure). The final result is a relative increase in the
concentration of N>* activated species. The behavior of the bonded H (increase of N-H and
decrease of Si-H concentrations) and the Si-N stretching band (shift to higher wavenumbers)
is the same as explained previoudly.

However, it is interesting to compare our results with those reported by other authors
[48]. Hattangady et al. observe a decrease of the N-H bond concentration when increasing
microwave power, while in this work, the N-H concentration increases. Such decrease of the
N-H is explained by the formation of volatile NHyx species. It has been previously discussed
that this reaction takes place for deposition rates significantly lower than those reported in this

work.

V SUMMARY

The effect of deposition conditions has been analyzed in N-rich SiNH films. Gas
flow ratio and microwave power values have been adjusted to produce an excess of Ny*
activated species to react with the active SiH, molecules to exhaustion, so that N-rich films
have been obtained (N/Si>1.33). Comparison between ERDA and FTIR measurements
evidences the presence of a significant amount of non-bonded hydrogen.

The increase of the N./SiH, ratio results in an increase of the N/Si ratio above the
stoichiometric value (N/Si=1.33), while the N content remains constant. The increase of the

N-H concentration and the decrease of the Si atomic percent provide evidence of a
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substitution mechanism which leads to the formation of N-H bonds at the expense of Si-N
bonds. The Si-H concentration also decreases when increasing the N,/SiH, gas flow ratio. The
same result is observed when increasing the microwave power. For a given deposition
temperature, the composition of the film is determined by the proportion between the Ny*
activated species and the reactive SiH4 molecules.

When the deposition temperature is increased, the H content significantly decreases
and the incorporation of N and S is enhanced, resulting in a densification of the film.
Additionally, increasing Tyq enhances the incorporation of Si with respect to N, obtaining
lower N/Si ratios for higher deposition temperatures. This result is explained by the formation
of Si-N bonds at the expense of N-H ones. Additionally, this change in composition resultsin
an increase of the Si-H concentration. The increase of Ty also causes a significant increase of
the growth rate for temperatures around 500 °C. This behavior is attributed to a thermal
activation mechanism. The FWHM of the Si-N stretching band decreases when increasing Ty,
evidencing an improvement of the structural order.

The exact location of the Si-N band is directly related to the N-H bond concentration.
A higher N-H concentration results in a shift of the band to higher wavenumbers, due to the
different electronegativities of Si and H.

Finally, the refractive index measurements are consistent with the Si content and the
density of the film. Higher values of the Si content and the density of the film produce higher
refractive index values.
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Figure 9.

FIGURE CAPTIONS

Growth rate as afunction of deposition temperature for samples deposited at 500 W
and gas flow ratio N2/SiH,=12.5. Thelineis aguide for the eye.

Non bonded H content as a function of gas flow ratio (N2/SiH,) for samples
deposited at 230 °C (sguares) and 310 °C (triangles). Lines are guides for the eye.
Representative error bars are included.

N-H and Si-H bond concentration as a function of the N,/SiH,4 gas flow ratio for
two deposition temperatures. As indicated by the arrows, closed symbols are used
for the N-H concentration while open symbols are used for Si-H. Squares
correspond to the sample series deposited at 230 °C and triangles to the series with
a deposition temperature of 470 °C. Lines are drawn as guides for the eye. Error

bars are an estimate of 10 % in the error of FTIR band calculations.

Si-N stretching band wavenumber as a function of the N,/SiH, ratio for three

different deposition temperatures. Lines are a guide for the eye.
FWHM of the Si-N stretching band as a function of the deposition temperature for
the following gas flow ratios: Ny(sccm)/SiH4(scecm) = 50/2 (squares), 50/3 (circles),

50/4 (triangles), and 50/5 (diamonds). Lines are guides for the eye.

Refractive index at a wavelength of 633 nm as a function of the N2/SiH, ratio for a
series deposited at 310 °C. The lineis guide for the eye.

Refractive index versus wavel ength for three deposition temperatures.

The measured ion density at different nitrogen to silane gas ratios. The line is a

linear fit.

Wavenumber of the Si-N stretching band as a function of the N-H bond
concentration. Thelineisalinear fit of the data points.
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Table 1. Deposition parameters and results of the characterization by RBS (nitrogen and silicon content), ERDA (hydrogen content), and FTIR
(density of bonded hydrogen).

Deposition Parameters RBS/ERDA (Concentration) RBS/ERDA (Atomic %) FTIR Results
Sample . SH,  Microwave Temperaure|  [H] IN] [S] H N S NS | INH[SH]
(sccm)  power (W) (°C) (10%cm®  (10%cm®)  (10%cm®) | (a%) (at%) (at%)  ratio | (10*cm®)  (10°cm?)
aaa 50:2 200 230 22 45 2.9 22.6 47.0 30.4 1.6 10.0 1.6
aab 50:3 200 230 25 32 22 317 40.7 27.6 15 7.9 2.7
aac 50:4 200 230 2.8 4.1 3.1 27.7 41.3 31.0 1.3 7.8 37
aad 50:5 200 230 2.4 39 25 27.4 44.7 28.0 1.6 6.9 6.6
baa 50:2 200 310 15 29 1.8 24.7 46.4 28.9 1.6 5.6 1.6
bab 50:3 200 310 1.8 3.6 2.6 23.0 44.7 32.3 1.4 6.8 35
bac 50:4 200 310 2.0 4.3 2.8 22.0 47.0 31.0 15 6.0 38
bad 50:5 200 310 1.9 4.6 39 18.4 43.9 37.7 1.2 5.4 8.7
caa 50:2 200 470 2.0 3.8 2.8 23.4 44.3 323 1.4 55 2.4
cab 50:3 200 470 1.2 3.6 2.4 16.4 50.3 333 15 3.2 4.7
cac 50:4 200 470 1.2 5.7 4.4 10.3 50.9 38.8 1.3 2.8 6.8
cad 50:5 200 470 15 45 35 15.8 47.4 36.7 1.3 25 8.6
cac 50:4 200 470 1.2 5.7 4.4 10.3 50.9 38.8 1.3 2.8 6.8
chc 50:4 300 470 1.3 4.2 25 16.7 51.9 313 1.7 5.1 4.9
cce 50:4 400 470 1.3 4.8 4.0 12.9 47.1 40.0 1.2 5.4 39
cdc 50:4 500 470 1.6 45 3.6 16.6 46.3 371 1.3 6.5 1.9
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