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Abstract: We demonstrate propagation, routing round bends and integrated detection of light on a 

deeply sub-wavelength scale in two-conductor metallic slot waveguides. Light with cross-section 

~ λ
2
/100 propagates ~10λ at 850nm in good agreement with simulations. 

OCIS codes: (250.5403) Plasmonics; (230.7370) Waveguides; (050.6624) Subwavelength Structures; (250.0040) Detectors;  

 (050.2230) Fabry-Perot; (130.5440) Polarization selective devices  

 

1. Motivation 

Optical interconnects present a viable solution to the interconnect bottleneck [1], but detectors with very low 

capacitance (< 1fF) may be required to satisfy the energy constraints (< 1 fJ/bit received energy for on-chip 

devices). In addition, the size mismatch between present generation CMOS transistors with channel lengths < 100 

nm and dielectric waveguides with sizes ~ 1µm implies that some means of efficient focusing of light into nanoscale 

detectors [2], must be found so that the next generation optoelectronic devices can be tightly integrated with present 

generation electronic devices.  In this paper, we present two-conductor metallic slot waveguides as a platform for 

effectively coupling light into nanoscale photodetectors. As opposed to the MIM (Metal-Insulator-Metal) guide 

[3,4], which provides sub-wavelength confinement along only one dimension, the slot guide provides true 2D cross-

section confinement [5], with cross-sections ~ λ
2
/100 studied here. Also, the planar geometry of the slot mode 

provides benefits from a fabrication and integration perspective which is critical if these guides have to form a part 

of future optical interconnect systems. We conclusively isolate the slot mode using polarization selective excitation, 

demonstrate propagation around 90˚ bends and do integrated detection using an MSM photodetector located at the 

end of the guide. In addition, we can extract the propagation characteristics of the guide, including a clear upper 

bound on propagation loss, by doing a spectral measurement, in which the waveguide acts as a low-Q resonator. 

This, to the best of our knowledge, is the first time that such a measurement has been shown for plasmonic 

waveguides showing useful propagation lengths. Our measurements agree well with numerical simulations; 

importantly this shows, that the dielectric constants of metals do not change appreciably when patterned on the 

length scales discussed here.  

 

2. Experiment 

 

The schematic of our device is shown in Fig. 1(a). The metallic slot waveguide consists of two gold strips of 80 nm 

thickness, 210nm width separated by 80nm. The structure is illuminated from free space by a focused Gaussian 

beam incident on the stub coupler which is formed by shorting the two conductors together. This geometry acts as a 

polarization-sensitive feed antenna that couples free space radiation to the waveguide mode. The optical signal 

propagates down the guide, confined to the 80 nm x 80 nm slot region and is incident on an integrated silicon metal-

semiconductor-metal (MSM) photodetector, which lies in the same plane as the waveguides. Fig. 1(b) shows a plan 

view of the device, and Fig. 1(c) shows a cross section of the waveguide. The MSM photodetector located at the end 

of the guide provides us with a photocurrent signal proportional to intensity at the end of the guide.  

In this geometry, the waveguides support only two modes, a slot plasmon mode which is mostly confined in the 

slot region between the two conductors (Fig. 1(d)) and a strip plasmon mode which lies mostly beneath the two 

conductors (Fig. 1(e)). While the strip plasmon has a longer propagation length, its field profile is similar to the 

fundamental mode of a single metal strip without the slot region and its relatively weak confinement makes it less 

attractive for integration in optoelectronic devices. As can be seen from the electric vector plots in the mode profiles, 

the slot mode and the strip mode have orthogonal polarizations for the dominant tangential electric vector and we 

use the polarization selectivity of the stub coupler to isolate the slot mode and study it.  
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Figure1.  (a) Schematic of the device. (b) Plan view schematic of the device. (c) Cross-section of the waveguide A-A'. (d) Slot plasmon mode 
excited with x-polarized light. (e) Strip plasmon mode excited with y-polarized light. In (d) and (e), the colors show the intensity (magnitude of 

the Poynting vector) in the y-direction, and the arrows indicate the direction and magnitude of tangential electric field (Ex and Ez). 

 

The devices were fabricated from thin crystalline silicon films on oxide by standard fabrication techniques involving 

electron beam lithography and reactive ion etching. Fig. 2(a) shows an SEM image of the fabricated structure with a 

zoomed-in inset of the stub coupler. The focused laser spot is rasterized over the sample and the photocurrent is 

recorded as a function of position. This generates a 2D photocurrent map which can be used to study the slot mode. 

Fig. 2 (b) and (c) show the photocurrent maps as a function of the x-y position of the sample for an incident 

Gaussian beam polarized in the x- and y- direction, respectively. When the incoming electric field is polarized in the 

x-direction (along the stub coupler), we observe two distinguishable peaks. The larger peak corresponds to the 

optical beam being directly incident on the photodetector. The second peak, smaller in amplitude, appears only when 

the incident beam is polarized in the x-direction and at a position which corresponds to the beam being incident on 

the coupling structure (which was verified by comparing the center to center distance with the SEM image of the 

fabricated structure). When the incident optical beam is polarized in the y-direction, we find that this second peak 

vanishes (as shown in Fig. 2 (c)). This agrees with the electric field vector plots in Figs. 1(d) and (e) and gives us a 

clear indication that we can selectively excite the slot mode and study its properties. 

(a)                                                                       (b)                                                                      (c) 
Figure2. (a) SEM of the fabricated device (left). Zoomed-in image of the stub coupler (right). (b) and (c)  Measured photocurrent (log scale) vs. 

X-Y position of sample for x-polarized (b) and y-polarized (c) incidence on a 10.5μm waveguide. A SEM of the device is overlayed. 

 

We can also route the light around 90˚ bends as shown in Fig. 3(a). In addition to being a clear demonstration of 

the waveguiding process, this shows that we can controllably manipulate light with deeply sub-wavelength cross 

section. Also, as seen in Fig. 3(a), the second spot, which corresponds to the stub coupler, now appears in the 

polarization orthogonal to that in the case of the straight waveguides (Figs. 2(b) and 2(c)). This agrees well with the 

fact that the orientation of the stub coupler is rotated by 90˚ because of the presence of the bend and gives further 

evidence that we can use polarization selective excitation to clearly isolate the highly confined slot mode and study 

its properties.  

To extract the propagation characteristics of the slot guide, we use a Fabry-Perot measurement in which the 

waveguide behaves as a low-Q resonator. The cavity is formed by the waveguide terminated by the stub coupler at 

one end and the silicon detector at the other end. Given the strong confinement of the slot mode, the mode mismatch 

leads to strong reflections at both ends (the reflection coefficients at both ends are close to 0.5) and by taking a 

photocurrent spectrum with the beam positioned at the stub coupler, we can extract the propagation constants of the 

guide in a single measurement. This, to the best of our knowledge, is the first time such a measurement has been 
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demonstrated for plasmonic guides and provides a good demonstration of the extremely tight mode confinement 

because we can see the Fabry-Perot fringes in-spite of the metallic loss. 

 
(a)                                                        (b)                                                                               (c) 

Figure3. Measured photocurrent position for 90° bends. (a) and (b) show results for light incident in (a) x-polarization and (b) y-polarization. (c) 
Measured device responsivity (red) and simulated responsivity (black) for an 8.5μm long straight waveguide showing Fabry-Perot fringes 

Fig. 3(c) shows the photocurrent spectrum for an 8.5 µm long straight waveguide clearly showing the Fabry-

Perot fringes. From a fit to a Fabry-Perot model, both the propagation constant and the loss in the guide can be 

estimated. We estimate that guides with cross-sections ~ λ
2
/100 have propagation length ~ 10λ. The mode index and 

loss agree well with numerical simulations which show that the dielectric constants of the metal do not change 

appreciably when patterned at these length scales and holds promise for the design of more complicated systems. 

 

3. Conclusions 

 

Our results here conclusively show that plasmonic slot waveguides are a viable approach for guiding light at both 

multiple-micron and submicron scales and concentrating into deeply subwavelength semiconductor photodetector 

volumes. Performance agrees well with simulations, allowing such guides to be predictably designed.  Due to their 

planar geometry, we can envisage that two-conductor plasmonic waveguides integrated with optoelectronic devices 

could offer a platform for functional subwavelength optoelectronic circuits that is similar to microwave stripline 

circuits in conventional radio-frequency electronics, paving the way for future exascale systems. 
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