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Abstract— Optical interconnects require efficient and flexible
optical sources. This paper presents results on two technology
platforms being developed for realizing these. Integration using
wafer bonding technologies is well established now and the focus
is on new device types including tunable lasers, multi-wavelength
lasers and switching. As an alternative, we also started work on
monolithic integration using heteroepitaxy directly on silicon.
We here report recent results on low threshold nanowire lasers.

Index Terms—III-V on silicon, hetero-epitaxy, wafer bonding,
integratd optics, silicon photonics.

I. INTRODUCTION

Remarkable progress has been made in the domain of
silicon photonics but practical applications still mostly rely on
III-V semiconductor based sources, either as an external
“power source” or integrated with the chip using relatively
standard flip-chip techniques. = The only “wafer-scale”
approach that seems close to industrial viable at this moment
is relying on wafer bonding techniques [1], where the focus
now mostly is on improving performance and demonstrating
more complex devices (section II). As an alternative we are
now also investigating the viability of integrating lasers on
(100)-silicon using heteroepitaxy (section IITI).

II. INTEGRATION THROUGH WAFERBONDING

Using an advanced die-to-wafer bonding process [1] we
recently showed several novel devices integrated on a silicon
photonics  platform, including tunable lasers [2],
multifrequency lasers [3] and DFB-lasers [4]. Figure 1 shows
schematically the integration process with the 2-step taper
optimized to couple from the III-V hybrid device towards
standard 220nm high silicon waveguides. The picture also
shows a longitudinal cross-section with the DFB grating
etched in the silicon underlying the ITI-V.

Figure 2 (top) shows a complex switch, containing thin
membrane InP swtiches (MIPS), which can be remotely
controlled through adding a label with specific wavelength
[5][6]. Figure 2 (middle, bottom) also shows an on-chip low
power optical link using a microdisk laser as the source, and
operating at 10GBit/s [7][8], realized using our die-to-wafer
bonding process.
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Figure 1 Schematic view of hybrid III-V silicon DFB laser and
longitudinal cross-section (from [4]).
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Figure 1 (top) Microscope picture of 1x4 switch including membrane
InP switches (MIPS) [6]. (middle and bottom) Top view (optical
microscope) and schematic cross-section of on-chip link consisting of
microdisk laser and detector [8].
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III. MONOLITHIC INTEGRATION

While waferbonding allows transferring the highest quality
materials, a technique relying on direct epitaxy will ultimately
lead to the lowest cost devices. We recently showed lasing
from InP-nanowires grown on [001]-oriented silicon using
selective area growth in oxide template to limit the defects in
the InP layer [9][10][11]. The low threshold obtained testifies
of the high quality of the material. Currently we are working
towards devices that can be coupled to integrated waveguides.
Figure 3 shows a close-upview of one of the nanolasers [11].
Figure 4 shows the photoluminescence spectra below and
above threshold.
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Figure 2 a) InP-nanowire grown on silicon using aspect ratio trapping
to suppress defects (from [11])
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Figure 4 Photoluminescence spectra below (blue) and above (red)

laser threshold (from [11])
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