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1. Introduction  

Silicon technology dominates the electronics industry today, so it is highly desirable the 
development of silicon-based components compatible with silicon technology, allowing 
integration of electrical and optical components on a single chip. One promising approach to 
the development of a silicon based light emitter is Silicon Rich Oxide (SRO), also called off-
stoichiometric silicon oxide. The interest on the optical properties of this material has grown 
since it was demonstrated that SRO films subjected to high-temperature annealing exhibit 
efficient photoluminescence (PL) (Iacona et al., 2000; Shimizu-Iwayama et al., 1996).  

At present, different techniques have been employed to produce SRO films, these include 
plasma enhanced chemical vapor deposition (PECVD) (Pai et al., 1986), low pressure chemical 
vapor deposition (LPCVD) (Dong et al., 1978), silicon implantation into thermal oxide (SITO)  
(Pavesi et al., 2000), reactive sputtering (Hanaizumi et al., 2003) and others. An indicator of the 
Si content in this material is the parameter R0, which is the ratio of the partial pressure of the 
precursor gases (in this case, N2O/SiH4) when it is prepared by gas phase deposition methods 
like CVD (Chemical Vapor Deposition). Silicon excess ranging from 17% to 0% can be obtained 
varying the R0 from 3 to 100. Among CVD methods, the low pressure chemical vapor 
deposition (LPCVD) is a very convenient approach for the deposition of SRO films since it 
allows an exact variation of the Si content and produces higher PL than other methods.  

Different applications of SRO have been proposed, such as: visible light emission devices 
(Shimizu-Iwayama et al., 1996), non-volatile or electrically alterable memory devices (Calleja 
et al., 1998), surge suppressors (Aceves et al., 1999), microsensors (Aceves et al., 2001), and 
single electron devices (Yu et al., 2003). 

SRO can be considered as a multi-phase material composed of a mixture of stoichiometric 
silicon oxide (SiO2), off-stoichiometric oxide (SiOx, x<2) and elemental silicon. After thermal 
treatment at temperatures above 1000°C, off-stoichiometric oxide and silicon excess are 
separated into Si nanoClusters (crystalline or amorphous depending on their size), defects 
(oxidation states) and SiO2 (Yu et al., 2006b). Transmission electron microscopy (TEM) studies 
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on the PECVD-SRO films with Si excess of 4-9% have confirmed the existence of Si 
nanocrystals with sizes between 1-2 nm (Iacona et al., 2000). The observation of Si nanocrystals 
in LPCVD-SRO films with Si excess of ~13% has also been reported (Irene et al., 1980). 
Although no Si nanocrystals were observed in LPCVD-SRO with less Si excess (<6%) (DiMaria 
et al., 1984), however, it was still proposed that amorphous Si nanodots exist in the SiO2 
matrix, which could not be distinguished by TEM (Nesbit, 1985). It was found that the growth 
of the Si nanodots is a diffusion-controlled process with a diffusion coefficient as larger as 
1×10-16 cm2/s at 1100°C (Nesbit, 1985); it is estimated that a diffusion length of 10-20 nm can be 
obtained during the thermal annealing of 3 hours. This diffusion length is long enough for the 
excess Si to precipitate into Si nanodots during the annealing process.  

Depending of the silicon excess, SRO shows various properties, among others, variable 
conductivity (Aceves et al., 1999), charge-trapping effect (Aceves, et al., 1996) and 
photoluminescence (PL) (Shimizu-Iwayama et al., 1996). These properties depend on the 
concentration and the exact nature of the excess Si. For example, the trapped charge density 
and photoluminescence intensity of SRO increase with decreasing its Si excess. The light 
emission is one promising property of SRO that makes it a good candidate for future’s light-
emitting devices. It has been observed that strong visible light can be emitted from SRO 
films deposited by LPCVD, its emission wavelength and intensity is tuned by the Si excess 
and thermal annealing parameters (temperature and time). It has also been found that SRO 
can trap both negative and positive charges, and the trapped charge density depends on the 
same parameters.  

Although this material has been extensively studied there is a considerable uncertainty 
about the nature of the luminescence mechanisms. A clear understanding of the 
luminescence mechanisms in SRO is the key for the production of silicon-based light-
emitting devices. Some authors attribute the luminescence to quantum confinement effects 
(QCE) in Si-nCs (Si nanocrystals) (Chen et al., 2006; Iacona et al., 2000), to the emission of 
several types of defects in the matrix or in the interface of SiO2/Si-nCs (Kenyon et al.1996; 
Lockwood et al., 1996), including the decay of donor acceptor pairs, DAD (López-Estopier et 
al., 2011; Yu et al., 2006a). 

Even though SRO has been strongly study by PL, there are only a few works that study the 
cathodoluminescence (CL) of SRO.  CL expands the possibilities to understand the emission 
in SRO. For example point defects in silicon oxide and silicon could be observed trough CL, 
allowing studying the distribution of such defects on the surface and inside the structure. 
An advantage of this method is the possibility to observe optical transitions of electrons 
from high energy levels (or band to band), which need to be exited with high energies, this 
is very important for wide-gap materials. 

CL and PL are similar techniques with some possible differences associated with the 
excitation of the electron-hole pairs due to photons or more energetic electrons (Yacobi & 
Holt, 1990). PL emission depends strongly on the excitation energy, and not all 
luminescence mechanism could be excited. Cathodoluminescence, in general, leads to 
emission by all the luminescence mechanism present in the solid due to the high energy 
excitation. 

In this chapter, different techniques, such as Fourier transform infrared spectroscopy (FTIR), 
X-ray photoelectron spectroscopy (XPS), photoluminescence (PL) and cathodoluminescence 
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(CL) were used to study SRO films obtained by LPCVD. In section 2, the experimental 
details of the fabrication of SRO films and their characterization techniques used are 
described. Section 3 gives the results of the structural and optical measurements. Also, in 
this section, the discussion and analysis of the results are included. Finally, in Section 4, 
conclusions are drawn. The structural and optical properties of SRO-LPCVD films were 
related to better understand the process of light emission in these materials. 

2. Experimental 

SRO samples were deposited by Low Pressure Chemical Vapor Deposition (LPCVD) at 720 
ºC on n-type Si substrates. The silicon excess in the SRO films was varied by adjusting the 
ratio of partial pressure of the reactive gases, Silane (SiH4) and Nitrous Oxide (N2O). 

 2

4

[ ]
0

[ ]

10,20 and 30
N O

SiH

P
R

P
   (1) 

With this R0 variation a silicon excess of 11-5.5% is approximately obtained. The SRO layers 
thickness is about 300 nm. After the deposition, one part of samples was keep as deposited 
and other part was annealed at 1100 ºC in N2 atmosphere during 180 minutes. 

The PL emission spectra were obtained with a Fluoromax-3 Spectrofluorometer; all the films 

were excited with 250 nm. Cathodoluminescence (CL) measurements were performed using 
a Luminoscope equipment model ELM2-144, 0.3 mA current and energies of 2.5, 5, 10 and 

15 keV were used. The luminescence spectra (PL and CL) were measured at the room 
temperature. The IR spectra were measured with a Brucker FTIR spectrometer model V22, 

which works in a range of 4000-350 cm-1 with 5 cm-1 resolution. The silicon excess in SRO 
films was measured with a PHI ESCA–5500 X–ray photoelectron spectrometer (XPS) using a 

monochromatic Al radiation source with energy of 1486 eV.  

3. Results and discussion 

3.1 Compositional and structural properties 

The IR absorbance spectra of SRO samples are depicted in Fig. 1. Their characteristic 

absorption bands are enumerated and identified in the Table 1. SRO films show the 

absorption peaks associated with rocking at ~458 cm-1, bending at ~812 cm-1 and stretching 

at ~1080 cm-1 vibration modes of the Si-O-Si bonds in SiO2 (Ay & Aydinli, 2004; Pai et al., 

1986). In addition, the shoulder at ~1150 cm-1 corresponds to the out-of-phase Si-O 

stretching vibration (Pai et al., 1986). The insets of Fig. 1 show Si-N stretching vibration at 

~886-990 cm-1 (Ay & Aydinli, 2004; Daldosso et al., 2007); in addition Si-H bending and 

stretching at ~886 and 2258 cm-1 respectively (Iacona et al., 2000).  

The as deposited samples exhibit a characteristic IR absorption at a lower frequency than that 
of a thermal SiO2 film (1080 cm-1), and the frequency of stretching vibration peak decreases as 
R0 decreases due to Si atoms replacing O atoms (Pai et al., 1986); this result is related to off-
stoichiometric of SRO, frequency of the Si-O stretching decreases with x of SiOx (silicon excess 
increases). For all samples, the stretching frequency increases after annealing for all silicon 
excess, this result suggest phase separation during the thermal annealing.  
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Fig. 1. FTIR absorption spectra of SRO films with R0 = 10 (a) before and (b) after thermal 
annealing. The inset shows Si-N and Si-H bonding in the 850 to 1300 cm-1 and 2200 to 2300 
cm-1 range. 

 

Vibration mode 

Wavenumber [cm-1] 

As deposited Annealed 

SRO30 SRO20 SRO10 SRO30 SRO20 SRO10 

(1) Si-O rocking 447 445 455 457 459 460 

(2) Si-O bending 810 808 802 808 808 810 

(3) Si-H bending 883 883 883 - - - 

(4) Si-N stretching 980 984 940 984 991 954 

(5) Si-O symmetric stretching 1060 1058 1055 1078 1078 1082 

(6) Si-O asymmetric stretching 1176 1170 1159 1192 1190 1190 

(7) Si-H stretching 2258 2258 2258 - - - 

Table 1. Infrared vibrations modes observed in the as deposited samples. 

It has been reported that SRO films deposited by the mixture of N2O and SiH4 display 

absorption bands associated with Si-H (660, 880, 2250 cm-1), Si-N (870-1030 cm-1), Si-OH 

(940, 3660 cm-1) and N-H (1150, 1180, 3380 cm-1) vibrations in addition to the three 

characteristic bands related to the Si-O-Si bonding arrangement (Fazio et al., 2005; Pai et al., 

1986). The presence of some nitrogen and hydrogen characteristic peaks was also observed 

in the IR spectra of the films. Si-H bending and stretching were observed only in as 

deposited samples; these peaks disappear after annealing. Si-N stretching was also found in 

as deposited and annealing samples. 
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Fig. 2. Silicon, oxygen and nitrogen concentration in SRO films with different flow ratio (R0) 
values as measured by XPS. 

Fig. 2 indicates the composition measured by XPS of as deposited and annealed SRO films 

with different flow ratio, R0 = 30, 20 and 10. As it was expected, the silicon excess varies 

depending on the flow ratio (R0). For SRO films with R0 = 30, the silicon profile stays about 

37.5 at.% and it increases until 47 at.% as R0 value reduces to 10. A thin silicon dioxide layer 

is formed at the SRO surface; which can be explained by the silicon oxidation at the end of 

the deposition process. A nitrogen profile was also observed, however is negligible, 

specially compared with that reported for SRO-PECVD films where the N incorporation is 

about 10 at.% (Morales et al., 2007; Ribeiro et al., 2003). Table 2 summarizes the silicon excess 

in the SRO films; silicon (Si), oxygen (O) and nitrogen (N) concentration in SRO is also 

shown.  
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R0 

As deposited Annealed 

Si excess 
(at. %) 

Concentration (%) SiOx Si excess 
(at. %) 

Concentration (%) SiOx 

O Si N x=O/Si O Si N x =O/Si 

30 4.54 60.90 37.87 1.23 1.61 4.21 61.15 37.54 1.31 1.63 

20 5.38 59.67 38.71 1.62 1.54 5.09 59.29 38.42 2.29 1.54 

10 13.50 50.89 46.83 2.28 1.09 14.50 48.09 47.83 4.07 1.01 

Table 2. Silicon excess and atomic concentration of SRO films obtained by XPS. 
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Fig. 3. Si 2p XPS peaks for as deposited and annealed samples with different flow ratio (R0 
30, 20 and 10). 

The microstructure of SRO films was studied based on the analysis of the Si 2p spectra, 
shown in Fig. 3. As can be seen, the effect of silicon excess and thermal treatment is evident. 
After annealing and as silicon increases the shoulder in low energies becomes apparent, 
indicating the contribution of different oxidation states according to the random bonding 
model (RBM) (Chen et al., 2004, 2005). 

The Si 2p XPS peaks were deconvoluted considering the five possible oxidation states for the 
silicon: Si, Si2O, SiO, Si2O3, and SiO2, noted as Si+0, Si+1, Si+2, Si+3 and Si+4 respectively, shown 
in Fig. 4. Each oxidation state has been fitted by using peaks constituted by Gaussians. The 
energy positions of the different peaks of the Gaussians were centered with those previously 
reported in the literature at ~99.8, 100.5, 101.5, 102.5 y 103.5 eV (Alfonsetti et al., 1993; 
Brüesch et al., 1993; Philipp, 1972; Wang et al., 2003; Yang et al., 2005). The full widths at half 
maximum (FWHM) have been allowed to vary within a small range of values while 
increasing in the order Si0+<Si1+<Si2+<Si3+<Si4+ (Dehan et al., 1995; Liu et al., 2003). Si0+ 
compounds were found in all samples in both before and after annealing due to silicon 
excess. 
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Fig. 4. Illustration of Si 2p peak deconvolution for the SRO films with R0: (a) 30, (b) 20 and 
(c) 10.  

It would be useful to examine quantitatively the changes of the concentrations of the five 
oxidation states with annealing. In this regard, as a first-order approximation, the relative 
concentration (in percentage) of each oxidation state is obtained by calculating the ratio 

n
Si TotalI I  (n = 0, 1, 2, 3, and 4), where n

SiI   is the peak area of the oxidation state Sin+ and Itotal 

is the total area of the Si 2p peaks (
4

0 itotal Sii
I I 

 ) (Khriachtchev et al., 2002; Liu et al., 

2003). 

Fig. 5 shows the effect of annealing in the concentrations of the five oxidation states for R0 
30, 20 and 10. After annealing concentration of Si0+, Si1+, Si2+ increases while Si3+ and Si4+ 

compounds decrease in all silicon excess indicating the phase separation; this separation is 
more evident in R0 10. Then, when SRO films are thermally annealed and the silicon excess 
is high, the silicon atoms diffuse around of a nucleation site and well defined silicon 
nanocrystals are observed. However, for lower excess silicon films, the particles are far 
enough and do not produced agglomeration, therefore the thermal diffusion causes the 
silicon to be redistributed and form compounds with oxygen. These two mechanisms are 
not mutually exclusive and both exist simultaneously, but depending on the silicon excess 
will dominate a mechanism or the other. Because of this effect, concentration of Si0+ is much 
higher in SRO10 than SRO20 and SRO30; in addition the concentration of Si1+ y Si2+ is larger 
for films with low silicon excess (SRO20 and SRO30).  

On the other hand, it is well known that in SRO with a large excess silicon (higher than 
10%), Si-nCs of ~ 9 nm have been found by TEM (Transmission Electron Microscopy), as the 
silicon excess decreases, the density and size of the nanocrystals decreases until there are no 
Si-nCs (~ 5.5% silicon excess) (Yu et al., 2006b). Since the presence of Si0+ compounds in 
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SRO20,30, agglomeration of amorphous compounds is more likely than elemental silicon 
agglomeration (nCs), and its possible size is smaller than 2 nm, then they cannot be 
observed by TEM. 
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Fig. 5. Changes in the concentration of the five Si oxidation states Sin+ (n = 0, 1, 2, 3, and 4) 
for different R0 values.  

3.2 Photoluminescence 

PL spectra of as deposited and annealed films are depicted in Fig. 6. The as deposited 
samples present a weak emission only in SRO30 from ~460 to 650 nm. After annealing all 
SRO films (R0= 10, 20 and 30) present a main emission from ~650 to 850 nm. This emission 
range is characteristic of SRO annealed films deposited by LPCVD (López-Estopier et al., 
2011; Yu et al., 2006a).The emission intensity increases when the silicon excess decrease. 

The multi-Gaussian deconvolution of PL spectra was performed only for annealed samples, 
and the set of band positions have been determined. As can be seen in Fig. 7, each spectrum 
can be well fitted to a superposition of three Gaussian distributions: a main band and two 
shoulders. Fit distributions are centered at 715, 780, 825 nm with FWHM of 101, 80, 47 nm 
respectively. Distribution position and FWHM are the same for all R0 values while intensity 
varies according to the silicon excess. As silicon excess decreases the intensity of main 
distribution increase; however, distributions centered at 780 and 825 nm are more intense to 
SRO20 than SRO30; because of this PL emission of SRO20 shows a shoulder in this region. 
Distribution centered at 715 nm is the highest emission (R0 = 20 and 30), hence this 
distribution is the main contribution of the PL emission. Since there are different 
distributions that change with silicon excess can be assumed that PL emission is related with 
at least three different types of emission centers (or emission mechanism).  
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Fig. 6. Photoluminescence of (a) as deposited and (b) annealed SRO films with different ratio 
flows. 
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Fig. 7. PL spectra and fits from SRO films with different silicon excess and annealed at 1100º 
C for 180 min. Symbols are experimental data, lines are the Gaussian fits and dash lines are 
distributions. 

3.3 Cathodoluminescence 

CL spectra from SRO films (as deposited and annealed) with different silicon excess are 
depicted in Fig. 8. In as deposited samples there is CL emission only in SRO30. The CL 
spectra of SRO with thermal treatment consist of a broad emission in the visible and near 
infrared region (NIR) from ~400 to 850 nm. After annealing, intensity of the blue band at 
~460 nm increases with increasing the R0. On the other hand, the intensity of the red-NIR CL 
band seems to have a maximum for R0=20.  

www.intechopen.com



 
Cathodoluminescence 

 

262 

 

 

300 400 500 600 700 800

0

500

1000

1500

2000

2500

3000

3500

4000

400 500 600 700 800 900

 SRO
30

 SRO
20

 SRO
10

(a) As deposited

C
L

 I
n

te
n
s
it
y
 (

a
. 

u
.)

Wavelength (nm)

 SRO
30

 SRO
20

 SRO
10

(b) Annealed

Wavelength (nm)  

Fig. 8. Cathodoluminescence spectra from SRO films with different silicon excess: (a) as 
deposited and (b) annealed. Energy excitation of 5 keV and 0.3 mA current was used. 

Since CL emission has asymmetrical shape for all SRO samples, it can be assumed that CL 
emission is due to different causes. Hence, multi-Gaussian deconvolution of CL spectra 
was also obtained, shown in Fig. 9. The best fit of CL spectra requires 4 and 6 distributions 
for SRO30 and SRO20 respectively. Distributions were obtained at about 460, 522, 643, and 
714 nm for SRO30 and 447, 541, 645, 714, 780 and 823 nm for SRO20. Distributions obtained 
at 714, 780 and 823 nm in CL are centered in the same position than distributions obtained 
from PL spectrum in SRO20. Furthermore, distribution centered at 714 nm was obtained 
for Gaussian fit, in PL and CL in SRO30. Then, the red emission of the CL emission can be 
ascribed to the same PL emissive centers. PL distributions in higher wavelength are not 
observed in CL due to either destruction of the emissive centers or emissive center with 
lower energies do not efficiently emit (Trukhin et al., 1999). The latter one could rise 
because cathode excited electrons acquire so high energy that they arrive to the higher 
emissive center where they emit in the blue region (higher energy), however almost none 
of the excited electrons reach lower energy centers; then, the red emission is not likely to 
occur. Therefore, there could be several different kinds of emission centers located at 
different energy levels in SRO. 

Depending on the emission wavelength, multiple luminescence centers have been 
reported to act as radiative recombination centers in SiO2 films. Luminescent emission at 
460 nm (2.7 eV), 520 nm (2.4 eV) and 650 nm (1.9 eV) are mainly related to defects such as 
Oxygen deficiency-related centers (ODC) or oxygen vacancies (Cervera et al., 2006; 
Fitting, 2009; Gritsenko et al., 1999), E’δ defect or peroxide radical (Goldberg et al., 1997) 
and non-bridging oxygen hole centers (NBOHC) (Fitting, 2009; Fitting et al., 2001; 
Gritsenko et al., 1999), respectively. Since CL measurements have shown luminescent 
peaks (or distributions) close to those wavelengths, such defects could be inside the SRO 
films. 
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Fig. 9. Gaussian fit of CL experimental spectrum, the best fit requires 4 distributions for (a) 
SRO30 and 6 distributions for (b) SRO20. Symbols are experimental data, lines are the 
Gaussian fits and dash lines are distributions. 
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Fig. 10. (a) CL spectra of thermal SiO2 and SRO annealed samples and (b) Gaussian fit of 
thermal SiO2 sample.  

In order to compare CL spectra between SiO2 and SRO, CL spectrum from thermal SiO2 was 
obtained, as shown in Fig. 10 (a). CL of SiO2 results are helpful because a large fraction of 
the SRO films consists of silicon oxide. As can be seen, spectrum from thermal SiO2 is 
similar to SRO20 but it does not include the red to infrared emission. To compare emission 
bands, Gaussian deconvolution was also obtained from thermal oxide; the best fit was 
centered at 432, 520 and 653 nm, as shown in Fig. 10 (b). Clearly only the 650 nm peak in 
both SRO20 and SiO2 are comparable. The other emissions are enhanced in both Ro 20 and 
30. That could mean that emission in SRO with low silicon excess and without silicon nCs 
are mainly due to silicon oxidation states.  
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In summary, luminescence peaks at 460, 520, and 620 nm are mainly due to defects such as 
Oxygen deficiency-related centers (ODC), E’δ defect, and non-bridging oxygen hole centers 
(NBOHC), respectively (Cervera et al., 2006; Fitting et al., 2001; Inokuma et al., 1998). 
Electroluminescence (EL) studies on SRO films with the same silicon excess as in this work 
exhibit an emission band similar to our CL results with peaks at 450, 500, 550, and 640 nm 
(Morales-Sánchez et al., 2010).Then the mentioned defects should exist into the SRO films, 
which are only excited with electron of high energy generated by CL or by EL. 

The emission in red and NIR region could be associated to Si-clusters of less of 2 nm and 
defects interaction. In  (Morales-Sánchez et al., 2008), the authors proposed that the band 
gap is large when the size of the Si cluster is small, and then the energy difference between 
the defects (localized state) and the Si clusters is big enough to produce the emission. This 
result is similar to the decay of Acceptor-Donator pair in a crystalline semiconductor. 
Therefore, we can assume that the absorption and emission processes in SRO films are 
connected with electrons decay between donor acceptor pairs (localized states) inside the 
silicon oxide band gap.  

3.4 Depth profiling by different electron beam energy  

It is well known that depth analysis can be obtained varying the electron energy (excitation 
range of CL) (Goldberg et al., 1998; Wittry & Kyser, 1967). In this case the CL intensity 
versus energy would remain constant when assuming a homogeneous depth distribution of 
luminescence centers. Deviation of such a behavior is easy to detect and should be 
interpreted. 

The depth-resolved CL spectra for SRO annealed samples measured with electron beam 
energies of 2.5, 5, 10 and 15 keV was obtained, shown in Fig. 11. As can be seen, there is 
no band shift or any new emission bands by varying the beam energy, indicating specific 
luminescence correlated with a homogeneous depth impurity distribution in the 
samples. 
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Fig. 11. Cathodoluminescence spectra of SRO annealed films at various electron energies. 
The spectra were measured at the room temperature. 
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3.5 Effect of the electron excitation on the emissive centers 

In order to study the effect of the cathode excitation on the emissive centers, PL spectra were 
obtained before and after CL measurements with different energy electron doses; 
additionally, the effect of time excitation on CL spectra was obtained.  

Different SRO20 and SRO30 annealed samples at 1100°C in N2 by 180 minutes were used. One 
sample was not cathode-excitated, and it was used as reference. CL measurements were 
performed applying energy of 2.5, 5, 10 and 15 keV in each sample, respectively. In all cases 
the current used in the experiment was fixed at 0.3 mA. 

 

Fig. 12. CL spectra of SRO20 after different times of electron bombardment. Different 
samples were used: (a) sample excited with 2.5 keV, (b) sample excited with 5 keV, (c) 
sample excited with 10 keV, (d) sample excited with 15 keV. 

CL spectra of SRO20 samples after different times of electron bombardment and different 
energy are shown in Fig. 12. CL spectrum consists of a broad emission in the visible and 
near infrared region (NIR) from ~400 to 850 nm. The different excitation energies produce 
both characteristic bands of SRO20 (red and blue). It can be observe in all the samples and 
independent of excitation energy that the blue emission does not have a considerable change 
while red band rapidly decrease or quenched with cathodo-excitation time. Therefore the 
excitation with high energy electrons destroys or modifies the red emissive states, inclusive 
with low energy (2.5 keV). Using electron energies greater than or equal to 10 keV, red band 
practically disappears after 5 minutes of bombardment. 
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PL spectra obtained after constant electron beam excitation during 30 minutes continually 
are shown in Fig. 13. After apply excitation energy of 2.5, 5 and 10 keV, the PL emission 
decreases considerately (50%), and with 15 keV PL emission is reduced 80%. This indicates 
that electron beam excitation modifies the structure of SRO due to the high energies used, 
and emission mechanism or emission centers were destroyed. Also it can be observed that 
after high energy excitation there is no new emission band. 
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Fig. 13. PL spectra of SRO20 samples after continuous cathode-excitation during 30 minutes. 
Solid line is the reference sample emission (without electron beam irradiation). The symbols 
represent the PL emission after cathodo excitation. 

The evolution of CL spectra for SRO30 annealed samples after 10minutes of constant electron 

bombardment is shown in Fig. 14 (a), (b) and (c) with 5, 10 and 15 keV respectively. There is 

no CL emission when these samples were excited with 2.5 keV. Samples excited with higher 

energies (more than 5 keV) exhibit strong blue emission with a shoulder in higher 

wavelength, characteristic emission of SRO30. Blue emission centered at ~460 nm increases 

after 10 minutes of constant cathode excitation. The PL spectra of these samples were 

obtained after constant electron beam excitation during 10 minutes, and shown in Fig. 15. 

Similar to SRO20, after cathode-excitation the PL emission decreases considerately (~50%), 

and as energy electron increase the PL emission reduces.  

As mentioned before, blue emission centered at ~460 nm has been assigned to oxygen 
deficiency. Also, it has been proposed that high energy excitation and long exposition time 
are responsible of this band in SiO2 (Chen et al., 1999; Goldberg et al., 1997; Inokuma et al., 
1998). Since blue emission increases slightly after constant electron excitation in SRO, it is 
possible that oxygen deficiencies are created by excitation. However, we can assume that the 
emission in the blue region is due to the non-stoichiometry of the SRO because blue 
emission is not observed in PL neither before nor after of cathode excitation. Besides, blue 
emission has also been found in thermoluminescence and electroluminescence in SRO 
deposited by LPCVD (Morales-Sánchez et al., 2010; Piters et al., 2010). Therefore, the 
emission is due to band to band recombination through localized states in the SRO. 
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Degradation of the intensity in red region could be due to the passivation of luminescent 
centers. It is possible that the electron beam introduces changes around the emission center 
that affect the emission rate of emission of radiative and non radiative transitions. 

 
 
 
 

 

400 500 600 700 800

0

100000

200000

300000

400000

500000

600000

C
L
 i
n
te

n
s
it
y
 (

a
. 

u
.)

Wavelength (nm)

 Initial

 10 minutes

(a) Excitation energy 5 keV

400 500 600 700 800

0

100000

200000

300000

400000

500000

600000
(b) Excitation energy 10 keV

C
L
 i
n
te

n
s
it
y
 (

a
. 

u
.)

Wavelength (nm)

 Initial

 10 minutes

 
 
 
 

400 500 600 700 800

0

100000

200000

300000

400000

500000

600000 (c) Excitation energy 15 kV

C
L

 i
n
te

n
s
it
y
 (

a
. 

u
.)

Wavelength (nm)

 Initial

 10 minutes

 
 
 
 
 

Fig. 14. CL spectra of SRO30 annealed samples after different times of electron 
bombardment. Different samples were used: (a) sample excited with 5 keV, (b) sample 
excited with 10 keV, (c) sample excited with 15 keV. 
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Fig. 15. PL spectra of SRO30 after cathode excitation at different beam energies. A sample 
without electron beam irradiation was used as reference (solid line). 

4. Conclusion 

SRO films with different silicon excess and with and without thermal treatment were studied 
using CL and PL. In order to understand their emission FTIR and XPS were used to study the 
structural composition and the effect of thermal treatment. FTIR and XPS results show the 
formation of si nanoaglomerates in all samples. Analysis of the XPS Si 2p peaks shows the 
existence of some chemical structures corresponding to the Si oxidation states in the SRO films; 
these oxidation states depend on the silicon excess. The concentration of each oxidation state 
was estimated. According to variation of silicon compounds found in analysis of the Si 2p 
spectra, we can assume that as silicon excess decrease Si-nCs density decreases and defects (or 
silicon oxygen compounds) tend to predominate over Si nanoclusters or nanocrystals. In fact, 
when the Si nanoclusters are very small, the interface will play important role due to the large 
stress in the interface of the nanoclusters and the localized states will be form. 

Photo and Cathodoluminescence (PL and CL) properties in Silicon Rich Oxide (SRO) films 
with different silicon excess were studied. SRO deposited by LPCVD has shown high visible 
PL and CL emission at room temperature mainly after thermal treatment at high 
temperatures. Samples with lower silicon excess show maximum luminescence while 
samples with higher silicon excess show low luminescence. Strong emission from 650 to 800 
nm was found in PL while CL spectra show luminescence emission from 400 to 850 nm in 
SRO annealed samples. CL spectra are wider than the PL one, because high energy 
excitation leads the emission of all the emissive centers present in the SRO. Also was found 
that red and NIR region emission is affected by electron beam. 

Luminescent emission in blue-green region is mainly due to defect created by silicon excess, 

such as oxygen deficiency-related centers (ODC), E’δ defect, and non-bridging oxygen hole 

centers (NBOHC). Emission in red and near infrared region is associated to some defects 

that are acting as localized states and also to Si nanoaglomerates and defects interaction. 
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