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Abstract 
We reported the light enhancement obtained from a 

Si-nanocrystals-embedded SiOx film on a 
silicon-on-insulator (SOI) and Si substrates in visible light 
range. A strong emission from the SOI substrate was 
observed due to the better optical confinement. We also 
compare the vertical distribution of the electric field in 
vertical direction of the two structures. 
 

1. Introduction 
In recent years, silicon still is the most important 

semiconductor for the microelectronics industry. 
Si-based light sources compatible with the mainstream 
complementary metal-oxide semiconductor (CMOS) 
technology have been attracted much attention. They are 
easier to integrate with electronic components on the 
same chip. Besides, they have a low manufacturing cost 
relative to III/V semiconductor diodes. Therefore, 
Si-based materials have potential for optoelectronic 
device integration[1, 2]. In this report, light emission 
from a Si-nanocrystals-embeded SiOx film on a 
silicon-on-insulator (SOI) substrate was investigated. A 
strong light enhancement from the SiOx film on SOI 
substrate was observed due to the improvement in 
vertical optical confinement.  

 
2. Fabrication Process 
This SOI wafer was prepared with horizontal furnace 

system. A 2.3μm thick SiO2 layer was first grown on a Si 
substrate followed by the growth of a 250 nm thick poly-Si 
layer on the top of the SiO2 layer. A 360 nm thick Si-rich 
SiOx film was grown on the SOI substrate by the 
plasma-enhanced chemical vapor deposition (PECVD) 
system with parameters in the previous works [3, 4]. The 
SiOx film was annealed in a quartz furnace with N2 gas at 
1100 °C for 90 min to precipitate Si nanocrystals. We also 
fabricated the SiOx film on a bare Si substrate as the 
reference. The illustrations of the SiOx/Si and SiOx/SOI 
structures are shown in Fig. 1(a). Fig. 1(b) shows a SEM 
cross-sectional image of the SiOx/SOI structure. 
 

3.Results and Discussion 
To observe the light emission from the 

Si-nanocrystals-embeded SiOx film on the SOI and Si 
substrates, the devices were optically pumped by using a 
CW He-Cd laser at 325 nm with an incident power of 
40mW and a pumped spot size of 30μm. Fig. 2 shows the 
photography of a SiOx/SOI structure. Fig. 3 shows the 
measured emission spectra from the different devices. The 
black solid curve in the Fig. 3 is the emission spectrum 

from a SiOx film without the annealing procedure. It shows 
a very low emission from the as-grown SiOx film. The 
blue-dashed and red-dotted curves are the emission spectra 
from the SiOx films on Si and SOI substrates, respectively. 
The light emission of SiOx film is enhanced more than ten 
times after annealing step. By comparing the blue and red 
spectra, the light emission from the SiOx/SOI structure is 
two times higher than the emission from the SiOx/Si 
structure under the same pumped conditions.  

In order to understand the detailed of the optical mode in 
the SiOx/SOI and Si/SOI structures, we calculate the 
vertical distribution of optical filed in two structures. The 
distribution of the index and the fundamental mode of the 
electric field in the vertical direction were calculated as 
shown in Fig. 4 (a) and (b). According to the calculated 
results, we estimate the effective refractive index neff of 
the fundamental mode and the fraction of the electric field 
within the SiOx gain material layer. The estimated fraction 
of the electrical field in SiOx layers of the SiOx/SOI and 
SiOx/Si structures are 1.3% and 0.0213%, respectively. As 
a consequence, the tail of the electric field related to the 
SiOx layer in SOI would be more extended than that in Si 
substrate. Therefore we can conclude that higher emission 
of SiOx film on SOI substrate is because of the better 
optical confinement from the lager index contrast of the 
SiOx/SOI structure. 

We should also note that light emission from the SiOx 
film on SOI substrate has different optical modes due to the 
SiO2 layer in Fig. 3. Since the SiOx/SOI structure was 
pumped by 325nm laser from the top surface, the light 
emission from SiOx film was only partially absorbed by 
thinner poly-Si layer before reaching the SiO2 layer. Those 
different light emission resonant modes can be analyzed by 
the following equation:  

 
nd2

2λλ =Δ
 

Where λ is wavelength of the emission light, n and d is the 
index and thickness of the SiO2 film, and Δλ is known as 
the free spectral range. The calculated result of the free 
spectral range Δλ is about 50nm, and is good agreement 
with the measured result. 

 
4. Conclusions 
In short, we have demonstrated the light enhancement 

from the PECVD grown Si-nanoparticles-embeded SiOx 
film on SOI and Si substrates in visible light region. The 
emission is enhanced by ten times with the annealing 
process, and two times with better optical confinement in 
SOI structure. We also examined confinement factors of 
1.3% and 0.0213% in the SiOx gain layer from two 
structures. Based on the strong light enhancement of the 
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SiOx/SOI device, the SiOx nanocrystals material could be a 
potential platform for Si-based light sources in the future 
applications. 
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Fig. 1. (a) Schematic structure of SiOx film on SOI 
and Si substrates. (b) The SEM image of the 
sample cross section angle-view. 

 
Fig. 2. The photography of the SiOx/Si/SiO2 device 
during the measured process. 
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Fig. 3. The emission spectrum of SiOx film on SOI 
and Si substrate in the visible range after 
annealing procedure. Different resonant modes of 
SiOx/SOI structure was observed. 
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Fig. 4. The distribution of the index and the 
fundamental mode of the electric field in the 
vertical direction of SiOx/SOI (a) and SiOx/Si (b) 
structures. The calculated confinement factor from 
transfer matrix method of the SiOx/SOI and 
SiOx/Si structures are 1.3% and 0.0213%, 
respectively.  
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