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Abstract: Future optical interconnects require ultra-small light sources working efficiently at 

ultrafast speeds. In this work, we investigate the high-speed dynamic characteristics of electrically 

pumped metal-cavity semiconductor nano-light-emitting diodes (nanoLEDs). The nano-light 

sources consist of a metal-cavity nanopillar coupled to a InP-waveguide on a III-V membrane 

bonded to silicon. We achieve sub-nanosecond electro-optical response showing potential for 

direct modulation at Gb/s speeds. The results represent a major step forward in providing efficient 

and ultrafast sources for optical interconnects. 

 

1. Introduction 

Reducing the energy consumption and increasing the density of interconnects have been identified as one of the 

major challenges in the development of future computing and communication systems. The future optical 

interconnects require light sources with areas below 10 μm², and working efficiently (10-100 fJ/bit) at 10-100 Gb/s 

[1]. The first electrically-pumped metallic nanolaser was demonstrated in 2007 [2]. Since then, several groups 

reported lasing in sub-µm sized metal-cavity light sources. Nevertheless, high losses in metal-based cavities make it 

challenging to achieve lasing at room temperature and at the same time efficient coupling to a waveguide. Small size 

light emitting diodes (LEDs), on the other hand, are not limited by low-quality cavities, can operate without 

threshold, and can emit in a single spatial mode. Recently, approaches using photonic crystal cavities [3], and 

plasmonics [4] were demonstrated. Although all these efforts, nearly all the nanoLED proposals display negligible 

output power (pW-level) and ultra-low efficiencies (<10
-5

) providing great difficulties in measuring their predicted 

ultra-high-speed characteristics. 

In this work, we investigate the high-speed dynamic characteristics of a new generation of electrically pumped 

waveguide-coupled metal-cavity nanoLEDs onto silicon operating at telecommunication wavelengths. We 

demonstrate nanoWatt output power at tens of A bias levels at room-temperature with potential for direct electrical 

modulation at Gb/s speeds. The fast and ultra-small light sources reported here offer new perspectives in nano-light 

sources design strategies for future on-chip integrated nanophotonic circuits. 

2. Description of the device 

The small light sources consist of a nanopillar metal-dielectric cavity coupled to a InP-waveguide on a III-V 

membrane bonded to silicon, Fig 1(a), as first reported in [5]. The cavity consists of a semiconductor nanopillar 

(cross section of 300 nm  300 nm) with an intrinsic InGaAs layer as active region. The pillar is covered with a SiO2 

layer and then encapsulated with a silver cladding to form a metallo-dielectric cavity which redirects a sizeable 

fraction of spontaneously emitted photons into a single guided mode (see [5] for more details regarding the device 

characteristics and fabrication). A representative light-current (L-I) curve of a nanoLED operating at room 

temperature is shown in Fig. 1(b). The devices provided a typical optical emission with nW output power at tens of 

A bias levels, as measured from a grating coupler. When considering the efficiency of the integrated grating 

coupler and the bidirectional emission into the waveguide, this translates into a quantum efficiency of ~0.01 % for 

emission in the waveguide. The emission saturates with a current higher than 200 A due to heating produced by the 

high resistance (~30 k). The inset of Fig. 1(b) shows the typical electroluminescence spectrum peaked at around 

1.525 m. In what follows, we discuss the electro-optical pulse response of nanoLEDs samples under high-speed 

electrical modulation. 

3. High-speed dynamic results 

We employed a time-correlated single-photon counting spectroscopy technique to experimentally investigate 

the high-speed dynamics of the fabricated waveguide-coupled metal-cavity nanoLEDs. In the experiment, shown 

schematically in Fig. 2(a), we directly modulate the nanoLED using a pulse pattern generator (Anritsu MP1701A) 

with a periodic pulse train at repetition rates ranging from 2 Gb/s to 5 Gb/s with pulse widths varying from 250 ps to 

100 ps, respectively, while setting a dc bias through a high-frequency bias-T. The electroluminescence was coupled 



into a single mode optical fiber using a microscope objective and then guided to a superconducting single photon 

detector (SSPD). For the time resolved measurements, a histogram of photon arrival times was built by correlating 

the SSPD output with the pulse pattern generator trigger with a correlation card (PicoHarp 300). 

Figure 2(b) shows the light output when we modulated the nanoLED using a pulse pattern generator with a 

periodic pulse train at repetition rates of 2 Gb/s, 3 Gb/s and 5 Gb/s. The results show that the nanoLED replicates 

well the injected on-off periodic bit sequences. The bit stream has clearly resolvable off-pulses and the on-pulses at 

5 GHz are around 100 ps, i.e. with identical pulse width of the injected pulses. Although the results correspond to a 

statistical measurement employing time-correlated single-photon counting, it show promising performance for 

further tests in short range telecommunication transmission using high sensitive photodiodes able to detect low-

power optical signals. 

                        
Figure 1 : (a) Schematic of the small metal-cavity nanopillar coupled to an InP-waveguide on a silicon substrate. (b) L-I characteristic 

measured at room temperature. The inset shows a typical optical spectrum emission at ~1.525 µm.  

        

Figure 2 : (a) Schematic of the time-resolved electroluminescence setup for the high-speed direct modulation experiment. (b) Direct 

modulation results of the waveguide-coupled metal cavity nanoLED for modulation bit rate speeds varying from 2 Gb/s to 5 Gb/s. 

4. Conclusion 

In this work, we have investigated the high-speed dynamic characteristics of waveguide-coupled metal-cavity 

nanoLEDs employing time-correlated single-photon counting. Operating at room temperature and at ~1.55 µm, we 

achieved nW output power at tens of A bias levels and sub-nanosecond electro-optical response showing potential 

for direct modulation at Gb/s speeds. The results represent a major step forward in achieving efficient and ultrafast 

nanoLED and nanolaser sources for on-chip optical interconnects. 
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