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Abstract - With identical extent of energy deposition, alteration in silicon fibrous structure was performed using variation in laser-

power and scanning-speed. For validation and further comprehension, SEM analysis and reflective behavior of the surface were 

studied. Our results show that due to the unique nature of energy deposition by laser ablation process, we could generate relatively 

denser and defined fibrous structure in considerably shorter period of time at relatively higher laser power and scanning speed. In 

addition, by controlling the ablation condition, optical behaviors of the generated nanofibrous thin-film (light absorption and reflection) 

can be customized. 
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1. Introduction 
        Use of nano structured sensing surface is trending massively for new generation of electrical and photonic devices as 

described in our previous work with detailed literature review [1]. With significant efforts and available research, it is now 

possible to fabricate hybrid silicon nano fibrous structure at room temperature with the novel approach of laser ablation as 

already proven with our previous studies [2,3]. Furthermore, as described in our previous work along with experiments 

done by Tom et al. [4] and Stampfli et al. [5], energy deposition in terms of packets of concentrated photons with laser 

ablation is quite unique which provides freedom to vary the deposition sequence and intensity; even with the same extent 

of total energy input on the processed areas. 

        With certain specific laser and scanning parameters, it is possible to fabricate nano structured sensing surface 

consisting either nano fibers or nano particles and in some cases, combination of both [2]. However, in such cases, total 

energy deposited on the processed area varies significantly. By setting deposited energy on the machined area constant, 

irrespective of time required, one can change intensity of the ablation by varying power values and rate at which energy is 

being deposited by altering the value of scanning speed (SS). Employed setup and process parameters for this study are 

explained in the discussion below. 

 

2. Experimental setup and process parameters 
        For this study, Ytterbium discontinues fiber laser (IPG Laser Model : YLPP-1-150V-30) along with wavelength of 

1064 nm was employed for laser ablation of n-type silicon < 100 > wafer. Laser parameters like pulse duration of 150 ps, 

frequency of 1200 kHz and pitch of 0.038 mm were kept constant. Constant energy deposition of 1.315 kJ was achieved on 

10 mm x 10 mm area of silicon by varying power and scanning speed shown as below.  
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Table 1: Combination of laser parameters for identical energy deposition. 

 

Sample No. Power (W) SS (mm/s) Energy (kJ) Processing Time (s) 

S1 15 30 1.315 87.72 

S2 20 40 1.315 65.79 

S3 25 50 1.315 52.63 

 

3. Results and Discussion 
Achieved results from this study was first studied to compare the topological structure formed with various laser and 

scanning parameters. SEM analysis of all three samples can be seen in Fig 1. Effect of intensity of laser is noticeable as the 

power was increased from 15 W (S1) to 25 W (S3). The structure generated with lowest power and scanning speed depicts 

the presence of both, nano particles and nano nano fibers. However, with the increased processing values, fibers appear to 

be much more defined and dense with no indication of silicon nano particles. In addition, as shown in Fig 2(a), it was 

possible to maintain deposited energy value of 1.315 kJ by proper combination of laser power and scanning speed. Also, 

our previous studies indicated increase in theoretical ablation temperature and elevated oxidation level with the increase in 

laser power level [2]. Hence, considering the similar trend followed in this study, oxidation level must increase with given 

conditions. Light spectroscopy of the processed samples can be helpful to identify the relative presence of oxidation level. 

 

 
Fig. 1: SEM (Scanning Electron Microscopy) images of silicon samples. 

 

The resulted structure shown in Fig 2(b) depicts slight change in color of processed samples with noticeable change in 

surface roughness, which can be seen with naked eyes. As the power was increased from 15W to 25W, surface distortion 

happened because of higher ablation temperature can be seen with Fig 2(b). As indicated in our previous studies, uniform 

and higher ablation temperature contributes to better processing conditions causing better fiber generation possibilities, 

which can be confirmed with Fig 1. With increase in surface area, if the structure has similar oxidation level, reflection 

should decrease accordingly. Contrary, as shown in Fig 2(b), reflective behavior becomes dominant with the increased 

fiber density, which confirms the increased oxidation lever with elevated processing values. 
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Fig. 2: (a) Energy input combination with laser power and scanning speed and (b) Light spectroscopy results. 

 

4. Conclusion 
        In this study, importance of intensity of energy deposition irrespective of total amount of energy deposited on a 

silicon surface was understood. In addition, because of the unique nature of energy deposition by laser ablation process, 

with relatively higher laser power and scanning speed, it was possible to generate relatively denser and defined fibrous 

structure in considerably shorter period of time. Also, with favorable ablation condition caused by increase in selected 

processing values, relatively stronger reflective behavior was achieved. We strongly believe the findings in this research 

can lead to new solutions for advanced optical sensors and photonic applications.  
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