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Introduction
Silicon devices still the main components of modern photonics and optoelectronics 

despite the drastic developments in new semiconductors and their devices. This may continue 
for decades as the silicon and its devices are reasonably cheaper, easier to fabricate, and much 
more reliable [1-4]. Consequently, the integration between silicon devices in the photonic and 
optoelectronic systems and networks can reach ultra-high levels [5-7].

The performance of silicon photodetectors was found highly dependent of the surface 
roughness of silicon substrate [8-10]. As the surface roughness is increased, the absorption 
of incident radiation is increased too. Hence, the conversion efficiency of silicon device is 
accordingly increased [11-13]. Plasma etching of a silicon substrate can be effectively used 
to form homogeneous and highly rough surfaces at low cost and high reproducibility [14,15]. 
Nanoparticles can be successfully used to compensate the surface roughness as they can fill 
the spaces between spikes of such surface [16]. For high levels of roughness, the effect of these 
nanoparticles can be observable as the volume density of these nanoparticles is increased 
with surface roughness [17]. However, these nanoparticles may decrease the flux of incident 
radiation from reaching the silicon substrate and hence reduce the spectral response of this 
substrate [18]. This effect can be invested to support the performance of silicon device when 
the nanoparticles are made of a material having similar spectral characteristics as silicon. In 
this work, copper oxide nanoparticles were deposited on rough surface of silicon substrate 
and the spectral response as well as quantum efficiency were compared before and after 
deposition of these nanoparticles.

Experimental Work
A silicon substrate of 8 cm in diameter and 300μm in thickness was etched using 

plasma etching system to produce surface roughness ranging in 3-8μm [15]. Copper oxide 
nanoparticles of 10-15nm particle size prepared by dc reactive sputtering technique were 
deposited on the silicon surface as a 50nm thin film. As an advantage of this technique, highly 
pure metal oxide nanoparticles can be synthesized. (Figure 1) shows schematically the 
proposed stages of this work. The spectral response of the prepared samples was measured in 
the spectral range 200-1200nm using a monochromator equipped with ceramic heater light 
source and chopper.
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Abstract
In this work, the spectral response and quantum efficiency of silicon-based photonic device were 
enhanced by coating the top surface of silicon with copper oxide nanoparticles. This enhancement is 
based on the deposition of 10-15nm nanoparticles on silicon surface of high roughness (~110nm) to fill 
the volume between surface spikes. The spectral response was increased by 37% in the wavelength range 
of 720-880nm while the quantum efficiency was increased by 18% as the wavelength corresponding to 
the maximum efficiency was shifted from 580 to 680nm.
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Figure 1: Schematic explanation of silicon surface before (a) and after (b) deposition of copper oxide 
nanoparticles.

Results and Discussion
(Figure 2) shows the spectral response of the prepared samples 

before and after the deposition of copper oxide nanoparticles on 
the surface of silicon substrate. Before deposition of copper oxide 
nanoparticles, the silicon device shows typical response in the 
spectral range of 480-1080nm with a maximum response in the 
range of 720-880nm appearing as a plateau. After deposition of 50nm 
thin film of copper oxide nanoparticles, the spectral response was 
apparently increased. However, the spectral width was narrowed 

by ~50nm after deposition of copper oxide nanoparticles. The 
increase in the response may be ascribed to the matching of optical 
energy gap of both silicon (1.1eV) and copper oxide (1.2eV). Hence, 
the absorption of incident radiation is not affected. On the other 
hand, the narrowing in spectral response may be attributed to the 
quantum size effect of copper oxide nanoparticles as their response 
to the incident radiation is highly homogeneous and restricted to 
narrower region of spectrum. The difference in refractive index 
of silicon (3.5) and copper oxide (2.655) may contribute to the 
narrowing effect.

Figure 2: Spectral response of the silicon substrate before (black line) and after (red line) deposition of copper 
oxide nanoparticles.
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In order to introduce the effect of copper oxide nanoparticles 
on the photonic conversion of silicon device, the External Quantum 
Efficiency (EQE) was determined as a function of incident 
wavelength as shown in (Figure 3). The effect is clearly observed 
as the maximum efficiency was increased by 18% with a red shift 

of maximum wavelength from 580 to 680nm. Such effect can be 
successfully invested to enhance the performance of photonics and 
optoelectronics fabricated from these devices such photodetectors, 
optical switches, and couplers.

Figure 3: External quantum efficiency as a function of incident wavelength of the silicon substrate before 
(black line) and after (red line) deposition of copper oxide nanoparticles.

Conclusion
In concluding remarks, the deposition of copper oxide 

nanoparticles as thin film on the etched surface of silicon substrate 
may enhance the performance of the devices fabricated from such 
structures throughout increasing both spectral response and 
quantum efficiency and narrowing the spectral width. The whole 
process proposed in this work is highly reliable, highly reproducible, 
low in complexity and cost.
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