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Directly modulated nanocavity lasers with ultra-low operating energy are promising devices to employ optical links 

in computercom applications, such as chip-to-chip and on-chip optical interconnects. This is because the demand for 

increase transmission capacity and reduce power consumption compared with their electrical counterparts [1]. Since 

operating energy of directly modulated laser is proportional to the active volume, photonic crystal (PhC) nanocavity 

lasers have attracted much attention. Increasing the optical confinement factor in active region is also important to 

reduce the bias current of directly modulated laser because the modulation efficiency is proportional to the square 

root of optical confinement factor.  

Therefore, we have developed a -scale embedded active-region PhC laser, or LEAP laser, in which an ultra-

compact active region is embedded with an InP-based PhC line-defect waveguide [2-4]. In this presentation, we will 

show you our demonstrations for i) monolithic integration of a LEAP laser, photodetector, and waveguide, and ii) 

heterogeneous integration of LEAP laser and Si waveguide. 

Monolithic integration of optical link using LEAP lasers and photodetectors[5] 

Employing nanocavity lasers into on-chip optical links, 

it is important to fabricate large-scale photonic 

integrated circuits (PICs) including nanocavity lasers 

and photodetectors. Fig. 1(a) is an IR camera image of 

a monolithic optical link, consisting of LEAP laser, 

photodetector, and a 3-m-wide multimode PhC 

waveguide. Fig, 1 also shown SEM images for (b) a 

LEAP laser with 3.4 × 0.3 × 0.15-m
3
 active region 

and for (c) a photodetector using line-defect waveguide 

including a 17-m long absorption region. Fabricated 

device shows a laser threshold current of 22 A and 

the maximum conversion efficiency of 8.5%. We also 

demonstrated data transmission with 4-Gbit/s NRZ 

signal with bias current of 67 A, which results in the 

energy cost of 28.5 fJ/bit. 

Heterogeneous integration of LEAP laser and Si waveguide[6] 

Introducing Si photonics fabrication technologies is the 

key to fabricating large-scale photonic integrated circuits 

(PICs) with low fabrication and assembly costs, which is 

quite important for realizing optical links in 

computercom applications. For this purpose, fabricating 

a buried heterostructure on a Si wafer is essential. We 

have employed epitaxial growth of InP layer on Si wafer, 

where thin active layer is directly bonded to an SiO2/Si 

wafer and, after forming the laser active region, we grow 

InP layer to bury the active region on Si substrate. Thin 

photonic crystal slab is suitable for employing this 

fabrication procedure because the thickness of III-V 

layers is less than the critical thickness, which is 

determined by the difference in thermal expansion 

coefficients between Si and InP [7]. CW operation was 

successfully achieved with a threshold current of 42 μA. 
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Fig. 1. (a)IR camera image of fabricated optical link. 

SEM images for (b)LEAP laser, and (c)photodetector. 
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Fig. 2. Schematic diagram of heterogeneously integrated 

LEAP laser on Si waveguide. 


