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Fig. 1. (a) The dispersion relationship of surface plasmon polaritons on silver nanowires with different diameters

and on flat silver film; (b) the dispersion relationship of silver nanowires with diameter ¢ = 250 nm on different

substrate; electric field distribution of fundamental mode for silver nanowire on silicon substrate with diameter (c)

¢ =260 nm and (d) ¢ = 170 nm, respectively. Partially adapted from the supplementary of Ref. [52].
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Fig. 2.

nanowires on silicon substrate with diameter ¢ = 260

(a) The plasmonic mode area of silver

nm and ¢ = 170 nm, respectively; (b) effective Mode
index and propagation length of SP modes sustained
by Ag nanowire with a diameter as 170 nm in air,
on SiOg substrate, and on Si substrate, respectively.

Partially adapted from the supplementary of Ref. [52].
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Fig. 3. The FDTD calculations show optical propagation of a 170 nm-diameter Ag wire on Si substrate and a

85 0 85 (nm)

170 nm-wide square Si wire on a 50 nm-thick SiOg layer coated on Si substrate, respectively, at the wavelength of

)\ = 647 nm. (a) Normalized electric-field intensity (|E|2) of Ag nanowire (blue line) and SOI nanowire (red line)

along the nanowires. Cross-sectional electric-field distribution in: (b) the Ag nanowire, and (d) the Si nanowire,

respectively. And the electric-field distribution along: (c) the Ag nanowire, and (e) the Si nanowire, respectively.

Partially adapted from the supplementary of Ref. [52]
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Fig. 4. (a) The schematic illustration of a corrugated nanowire; the band structure of corrugated nanowire with spatial
period (b) P = 520 nm and (c) P = 440 nm, respectively, the depth and width of one slit are both 30 nm, and the diameter
of the nanowire is 260 nm, ky = 2n/P, wg = 2mc/a, a = 100 nm, and ¢ the speed of light in vacuum, the dash black lines

present the band edges. Partially adapted from the supplementary of Ref. [52].
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Fig. 5. (a) Schematic of measurement system, and POL and BS represent polarizer and beam splitter, respectively;

Microscopic images taken by CCD for illuminated laser source with wavelength as (b) 514 nm; (c) 530 nm; (d) 647

nm, respectively; (e) measured output spectra of a silver nanowire with length around 8 pm under multiple lasers

illumination with the wavelengths as 488 nm, 514 nm, 520 nm, 530 nm, 568 nm, 647 nm. Partially adapted from

the supplementary of Ref. [52].
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Fig. 6. (a) Schematic illustration of a silver nanowire with cascading corrugation with period P = 440 nm (termed as grating

1) and P = 520 nm (termed as grating 2), respectively. Two grooves are marked as output 1 and output 2, respectively;

(b) SEM images of the configuration of the structures: corrugations with P = 520 nm (left), corrugations with P = 440 nm

(middle), and one groove (right). (c) Emission micrograph of the structured nanowire illuminated by a multiple-wavelength

laser beam from the input end (right most). The bright spots marked by the dash white circles indicate the light scattered

from grooves as output 1, output2 and output 3. The white double-arrow segment indicates the polarization direction of the

input beam. (d)—(f) Experimental (black lines) and calculated (red lines) scattered light spectra taken from sites output 1,

output 2 and output 3, respectively. Adapted from the supplementary of Ref. [52].
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Abstract

Due to the coupling of photons with the electrons at a metal-dielectric interface, surface plasmons
(SPs) can achieve extremely small wavelengths and highly localized electromagnetic fields. Hence, plas-
monics with subwavelength characteristics can break the diffraction limit of light, and thus has aroused
great interest for decades. The SP-inspired research, in the application aspect, includes extraordinary
optical transmission, surface enhanced Raman spectroscopy, sub-wavelength imaging, electromagnetic in-
duced transparency, perfect absorbers, polarization switches, etc.; and in the fundamental aspect, includes
plasmon-mediated light-matter interaction, such as plasmonic lasing, plasmon-exciton strong coupling, etc.

Recently a series of studies has been performed to push the dimensions of plasmonic devices into deep
subwavelength by using nanowires. The chemically synthesized metallic nanowires have good plasmonic
properties such as low damping. The reported silver nanowire structures show great potential as plasmonic
devices for communication and computation. Now we develop the nanostructured metal wires for plasmonic
splitters based on the following considerations. One is that we introduce cascade nano-gratings on a metallic
nanowire, enabling a single nanowire to act as a spectral splitting device at subwavelength; and the other
is that we use silicon as a substrate for the metallic nanowire, making the plasmonic nanowire device
compatible with silicon based technologies.

In this paper, we continue and develop our previous work on position-sensitive spectral splitting with
a plasmonic nanowire on silicon chip (see Scientific Reports (2013) 3 3095). The three parts are organized
as follows. In the first part, we derive analytically the dispersion relation of the SPs in a suspended
silver nanowire based on Maxwell equations. In the second part, we place a silver nanowire in the silicon
substrate, and use the finite-element method (FEM) to obtain the dispersion relation of the SPs for the
practical applications. The calculations show that the SP mode can be confined better in this system,
howbeit with larger loss. Starting from the dispersion relation, we then calculate the mode area, the
propagation length and the effective index of the SP modes, with respect to the nanowire dimension and
the substrate materials. It is shown that a thinner nanowire has smaller mode area and a higher-index
substrate induces larger loss. We also perform the finite-difference time-domain (FDTD) simulation to
investigate the electromagnetic field distribution in this system. We find that the SP mode is mainly
confined around the top surface of the nanowire, and in the crescent gap between the nanowire and the

substrate. In the third part, we demonstrate both experimentally and theoretically that the silver nanowire

* Project supported by th National Natural Science Foundation of China (Grant Nos. 11034005, 61475070, 11474157), and
the National Basic Research Program of China (Grant No. 2012CB921502).

t Corresponding author. E-mail: rwpeng@nju.edu.cn

097803-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

32 % R  Acta Phys. Sin. Vol. 64, No. 9 (2015) 097803

with two cascaded gratings can act as a spectral splitter for sorting/demultiplexing photons at different
spacial locations. The geometry of the grating is optimized by rigorous coupled wave analysis (RCWA)
calculation. The carefully designed gratings allow the SPs with the frequencies in the plasmonic band and
prohibit the SPs with the frequencies in the plasmonics bandgap. Those prohibited SPs are emitted out
through a single groove in front of each grating. Both the detected images and the measured optical spectra
demonstrate that the SPs with different colors can be emitted at different grooves along a single nanowire.
Thus the structured metal nanowire shows potential applications in position-sensitive spectral splitting
and optical signal processing on a nanoscale, and provides a unique approach to integrating nanophotonics

with microelectronics.
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