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ABSTRACT 

 

In this thesis work, in order to address the global energy crisis and the need of the hour for 

low-cost environmental friendly green energy sources, concepts of plasmonics, i.e., use of the 

nanoscale optical properties of metals are explored to address the incomplete light absorption 

particularly near the bandgap region of conventional silicon solar cells for improving the device 

performance further. This study is mainly focused on optical and electrical properties of plasmonic 

textured silicon solar cells. The interaction of light with the plasmonic structures integrated on 

plain silicon surface is well understood, but to understand the simultaneous light interaction with 

the plasmonic structures (at nano-scale) and textured silicon surface (at micron-scale) is the 

objective of this thesis work. 

One of the problems is inadequate light absorption in conventional silicon solar cells near 

the band gap region. To address this issue, initially the optical properties of silver nanoparticles’ 

(Ag NPs) are investigated on different substrates, i.e., plain silicon (P-Si), textured silicon (T-Si), 

and silicon nitride coated textured silicon (Si3N4/T-Si) substrates. The morphology of Ag NPs is 

optimized by varying annealing temperatures to achieve maximum absorption within photoactive 

silicon layer. The Ag NPs size, shape and concentration are very sensitive to the silicon topology, 

material (Si/Si3N4), sputter power (DC/RF), and annealing temperature. The excited Ag NPs’ 

surface plasmon resonances led to the wavelength dependent enhancement of the light absorption 

within the silicon in the polychromatic spectral region. Maximum reflectance reduction of ~8% is 

observed from the T-Si substrate integrated with the Ag NPs, due to the simultaneous light 

interaction with the textured micron-scale Si and nanoscale Ag material, in the wavelength region 

300-1100 nm.   
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To further reduce the reflectance from the silicon wafer, hybrid plasmonic antireflection 

layer (HPAL) consisting of the Ag NPs sandwiched between the indium tin oxide (ITO) and silicon 

dioxide (SiO2) thin layers is investigated. The optimization of HPAL for minimizing the reflection 

from the silicon surface carried out by varying the ITO layer thickness, which also affects the Ag 

NPs morphology during the growth process. The light reflectivity of 10% is observed from the 

silicon integrated with HPAL in 300-1100 nm spectral region due to the enhanced light forward 

scattering as compared to the reflectivity of 26% from the bare silicon substrate. We also 

investigated ITO-SiO2 double layer alone on silicon (without Ag NPs), and found that HPAL is 

better in reflectance reduction in the Ag NPs’ surface plasmon resonance (<600 nm) and off-

resonance (900-1100 nm) wavelength regions. The thin SiO2 capping layer on the Ag NPs also 

provides the better refractive index match for further light reflection reduction from the silicon 

surface, and also acts as a protection layer from degradation of the Ag NPs with time.  

To see the effect of surface plasmon resonance of Ag NPs on the electrical performance of 

the T-Si solar cells (without an antireflection layer), current-voltage, and spectral response 

measurements are performed. The Ag NPs morphology is optimized by varying the sputtered Ag 

thin film thickness and post-deposition annealing temperature. The optimized Ag NPs layer has 

shown ~8% reflectance reduction from the T-Si surface in the wavelength range of 300-1100 nm. 

With optimized Ag NPs, the enhancement of photocurrent from the T-Si solar cell in the off-

resonant SPR region is observed due to better light in-coupling within the active layer. 

Improvement in the photovoltaic parameters (series resistance, fill factor, and open circuit voltage) 

along with the photocurrent enhancement is led to the cell conversion efficiency enhancement 

from 4.49% to 6.42% for a large area of 12.24 cm2.  
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To further enhance the light in-coupling within the photoactive silicon layer, we also 

investigated the effect of the SiO2 spacer layer thickness between the T-Si surface and Ag NPs on 

solar cell performance using quantum efficiency analysis. Separation of the Ag NPs from high 

index silicon with the SiO2 layer is led to the modified absorption and scattering cross-sections due 

to the presence of graded refractive index medium. The forward scattering from the Ag NPs is 

very sensitive to the SiO2 layer thickness in the plasmonic silicon cell performance due to the 

evanescent character of generated near-fields around the Ag NPs. With the optimized 30-40 nm 

SiO2 spacer layer, we have observed an enhancement of solar cell efficiency from ~8.7% to ~10%, 

which is due to the photocurrent enhancement in the off-resonance surface plasmon region of the 

Ag NPs. We also estimated the minority carrier diffusion lengths (Leff) from internal quantum 

efficiency data, which are also sensitive to the SiO2 spacer layer thickness. We observed the Leff 

values enhancement from ~356 µm to ~420 µm after placing the Ag NPs on the ~40 nm spacer 

layer due to the improved forward (angular) scattering of light from the NPs into the silicon. 
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