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The development of a novel class of silicon-based, compact and power efficient optoelectronic 

nanodevices is a necessity for the convergence of photonics and microelectronics on a chip. In this 

context, heterogeneous integration of III-V semiconductors on silicon is a key technology to build an 

optical platform enabling all the functionalities from optical waveguiding, to laser emission, optical 

amplification or modulation. Reaching compactness and power efficiency goes undoubtedly with the 

exploitation of nanophotonics concepts discovered during the last decades. In this work, we demonstrate 

nanolaser diodes integrated on Silicon photonics based on photonic crystal (PhC) nanobeam cavities. 

The main hurdle towards a -scale laser diode relies on the design and the fabrication of a semiconductor 

nanocavity where efficient current injection in its center is possible without inducing disastrous optical 

losses with metal contacts. With this in mind, we based our nanolaser on 1D PhC cavities. A single row 

of holes (180nm in diameter) is etched in a 450x600nm InP-based rib waveguide (Fig. 1a). The 

electromagnetic (EM) field at the resonant wavelength - targeted at 1.55μm- is “gently” confined by 

gradually increasing the lattice constant of the PhC from the center (300nm) to the side (330nm) of the 

cavity [1]. When encapsulated in SiO2, these cavities exhibit a Q-factor larger than 106.  

Fig. 1 : Schematics (a) and SEM picture (b) of the nanolaser diode. c) Laser emission characterisitic curve. 

 

The cavities are made in a NIP heterojunction (N on top and P at the bottom) which embeds 6 quantum 

wells. In this configuration, electrons are provided by metallic contacts positioned on the N type 

semiconductor on top of the structure at its far ends. Holes are injected on the side by contacting the P 

doped semiconductor in the base of the rib waveguide in front of the cavity region. In this way, thanks 

to the difference of mobility of electrons and holes in the semiconductor, the maximum of recombination 

occurs right in the center of the cavity (Fig. 1a). 

The InP- structures are integrated on top of silicon on insulator waveguides to couple them by evanescent 

wave. The fabrication (SEM picture in Fig. 1b) relies on the die-to-die adhesive bonding of InP-materials 

on a SOI waveguide circuitry. Besides the issue of patterning materials with a nm-precision, it is of 

utmost importance to deal with non radiative recombination centers by chemical passivation and obtain 

room temperature CW operation. Single mode laser emission is demonstrated at 1.56µm. The laser 

threshold is reached at I=100µA (1V bias) (Fig. 1c). These measurements show a wall plug efficiency 

and a differential quantum efficiency respectively as high as 14% and 35% for I=300µA, which constitute 

a record for this type of nanolaser diode [2]. We believe that this concept opens exciting avenues for 

constructing optical network down to the millimeter scale. 
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