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One of the major hurdles of probing light-matter interaction in nano-scale regime is the 

efficient delivery and collection of electromagnetic energy to and fro the miniscule region of 

interest. For studies of molecular interaction with light such as tip-enchanced Raman 

spectroscopy (TERS), it is imperative that light be confined to a small space in the order of 

nanometers which can be achieved by means of localized surface plasmons. In conventional 

TERS, surface plasmons are excited on the metallic probe by directly focusing the laser beam in 

the vicinity of tip apex. Although such excitation scheme can improve the resolution of the 

spectroscopic device, it suffers from low efficiency in converting far-field light energy into 

localized field at the tip apex. In addition, directing the laser beam to the nanoscale tip proves to 

be a daunting task. Moreover, such devices require a separate mechanism for collecting the 

scattered field for analysis. 

Recently, studies have shown that optical fiber-incorporated plasmonic probes can be a 

platform for transporting electromagnetic energy in nanoscale with high efficiency. The 

waveguide mode guided in the optical fiber can be coupled to plasmons on the surface of gold-

coated region of the tapered fiber (Fig. 1(a)). The coupled plasmonic mode then propagates down 

the conical waveguide to the narrow apex where it gets localized and strongly focused, 

exhibiting immense longitudinal field enhancement which enables intense interaction with the 

sample placed near the apex (Fig. 1(b)). Similar devices that take advantage of fiber core to 

plasmonic coupling and nano-focusing have also been proposed.  

In this presentation, we will compare the coupling and focusing performance of different 

types of fiber-based plasmonic nano-tips using finite difference time domain simulations. We 

will experimentally demonstrate the excitation of surface plasmons by analyzing the longitudinal 

and transverse components of side scattered light from the gold coated tip apex (Fig. 1(c)). We 

will also show the feasibility of employing gold coated tapered fiber as a compact mechanism for 

both delivering source light and collecting scattered signal efficiently in Raman spectroscopy. 
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Figure 1 (a) Schematic of gold coated tapered fiber probe. (b)  Contour plot in logarithmic scale of 

simulated electric field magnitude normalized to the source field amplitude on the cross-section cut along 

the axis of the cone. The field enhancement factor at the apex is of the order of 10
2
 (c) Micrograph of side 

scattered light (longitudinal component) from the gold coated tip apex. 


