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The miniaturization of optical devices to the scale 
compatible with modern nanoelectronic circuits demands 
the ability to manipulate light at subwavelength scale. 
Plasmonics has been a rapidly emerging field which offers 
various means to manipulate light at the nanometer scale 
using surface plasmons (SPs). SPs can strongly confine 
electromagnetic fields near metal-dielectric interface to 
overcome the conventional diffraction limit of dielectric 
optics. Therefore, SP-based nanophotonic devices are 
promising to build densely on-chip integrated circuits for 
next generation information technology. Plasmonic wave-
guide is one of the key elements for the plasmonic circuits 
[1]. Chemically synthesized crystalline silver nanowires 
(Ag NWs) can support propagating SPs with lower losses 
than lithographically defined nanowire waveguides, and 
can be easily manipulated to construct complex optical de-
vices, which make them ideal candidates for 
proof-of-principle studies for plasmonic circuits. To inves-
tigate the SP propagating properties in metal NWs, we re-
cently developed the method using quantum dot fluores-
cence to image the local electric field distribution of prop-
agating SPs along Ag NWs [2]. By using this method, we 
have shown that the near field distributions of propagating 
NW plasmons depend strongly on the polarization and 
phase of the input light which can be used to realize an en-
tire family of optical Boolean logic gates in NW networks 
[2-4]. 

Here, we discover an extremely large tunability of 
propagating SP near field pattern on Ag NWs using the QD 
fluorescence imaging technique [5]. By changing the 
thickness of the coated Al2O3 layer on the NW, we system-
atically investigate the period change of the near field pat-
tern. The results show that the period is quite sensitive to 
the change of the coating thickness. By applying a 1 nm 
thick dielectric coating layer of Al2O3, the period is in-
creased by about 90 nm. For bulk changes in the surround-
ing medium, we observe a period increase of about 16 µm 
per refractive index unit. This high sensitivity effect is ex-
plained by considering the propagation constants and the 
dispersion curves of NW SPs. We demonstrate that such 
giant modulation of SPs can be used to design functional 
plasmonic circuits (Fig. 1). In addition, the highly tunable 
near field distribution on supported Ag NWs can also be 
used for new types of ultrasensitive on-chip optical sensors. 

 
 
 
 

Fig. 1. (A) A structure composed of three NWs was illuminated 
by the supercontinuum light with the incident polarization parallel 
to the main NW. (B) The upper panel shows the emission spectra 
at the terminal A from the right branch for the original structure 
(black), and for 5 nm (red) and 10 nm (blue) Al2O3 layer depos-
ited, respectively. The lower panel is for the terminal B from the 
left branch. (Scale bar in A, 5 μm.) 
 
 
Acknowledgements 
   The authors thank the supports from The Ministry of Science 
and Technology of China Grant 2009CB930700, National Natural 
Science Foundation of China Grants 11134013, 11004237 and 
11227407, and “Knowledge Innovation Project” 
(KJCX2-EW-W04) of Chinese Academy of Sciences. 
 
References 
 
[1] H. Wei, H. X. Xu, Nanophotonics 1 (2012) 155. 
[2] H. Wei, Z. P. Li, X. R. Tian, Z. X. Wang, F. Z. Cong, N. Liu, 
S. P. Zhang, P. Nordlander, N. J. Halas, H. X. Xu, Nano Lett. 11 
(2011) 471. 
[3] H. Wei, Z. X. Wang, X. R. Tian, M. Kall, H. X. Xu, Nature 
Commun. 2 (2011) 387. 
[4] H. Wei, H. X. Xu, Nanoscale 4 (2012) 7149.  
[5] H. Wei, S. P. Zhang, X. R. Tian, H. X. Xu, Proc. Natl. Acad. 
Sci. USA 110 (2013) 4494.  

JSAP-OSA Joint Symposia 2013

Ⓒ The Japan Society of Applied Physics 2013

17p-D4-5

JSAP-OSA-018


