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Abstract—Silicon has been proven to be an excellent platform for
photonics. However, active functionality and in particular light
generation dnrectlv from silicon remains difficult. Therefore we

i orwafer-bonding approach for integrating
Hi-v matenais directly on silicon in a cost-effective way, which
does not compromise the quality of the materials. In this paper
we will illustrate the integration techuolegy developed and
several devices fabricated.
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L INTRODUCTION

Silicon is an excellent material for realizing compact and
cost-effective photonic integrated circuits. The high refractive
index contrast with air and SiO; allows for fabricating very
compact optical filter structures such as ring resonators and
photonic crystal structures. Moreover, the structures can be
fabricated using the same equipment used for realizing the
most advanced electronic circuits, resulting in cost-efficient
and high-yield fabrication processes [1-3] .

Also several types of active devices such as modulators and
detectors monolithically integrated on or with silicon passive
waveguides have been shown in recent years. An efficient
laser monolithically integrated with such waveguides and
operating in the telecom wavelength band has not yet been
demonstrated however.

Although different alternatives are being investigated, 11I-V
based materials still are the most attractive for light emission
and amplification. Different methods exist for integrating HI-V
based optoelectronic devices with silicon waveguides.
Methods based on flip-chip or thin film devices start from
prefabricated and pretested optoelectronic devices, which are
subsequently bonded on the substrate. This requires accurate
and time-consuming alignment of the devices with the
underlying substrate and is not compatible with waferscale
fabrication methods. Direct growth of HI-V materials on
silicon is also investigated intensively and is fully compatible
with waferscale fabrication m;,thm(is. However, the large
difference in crystal structure poses significant challenges

Therefore, we developed an alternative approach based on
wafer-bonding technologies [4, 5] Figure 1 illustrates the
echnology that was developed. In a first step the passive
silicon waveguide structures are defined in an SOI wafer using
DUV lithography and ICP-etching. The waveguide structures
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are typically around 220mm high. Subsequently, the
waveguides are planarized using BenzoCycloButene (BCB)
(Figure 1b), which is diluted to obtain the required layer
thickness (from '50nm 1o 3um). BCB has excellent planarizing
properties and even for 100nm spin-on-layers, we obtain a
flatness of better than 10%. Next, InP-dies with suitable
epitaxial layers are bonded on the silicon wavegmde substrates.
The size of the InP-dies is typically from 2x2mm’ to Ixlent.
Since the dies are unpatterned, only a very rough alignment is
required (+/-50um) and this process can be very fast.
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Figure 1 Heterogeneous integration process
Following bonding of the die, the InP-substrate is removed
using mechanical grinding and chemical etching down fo an
InGaAs etch stop layer (which is then also removed) (Figure
1d). In this way only a thin epitaxial layer remains on the
silicon waveguides, which then can be further processed using
standard waferscale processes such as hard mask definition
(Figure le), mesa etching and metallization (Figure 1f).
Alignment between the optoelectronic devices and the
underl ying waveguides is assured through the lithographic
process. Note that multiple devices can be processed from a
single bonded die. Lately, research has focused on obtaining
ultra-thin bonding layers. This is important for better optical
coupling and im prmed heat removal. Figure 2 shows an
example where a 80nm III-V film is bonded using a 65nm
BCB layer.




Figure 2 HI-V film bonded on SOI-wire waveguides with 63nm bonding layer

I, FABRICATED DEVICES

Figures "3-6 show some devices fabricated using the
approach described above. Figure 3 (left) shows the cross-
section of a micro-disk laser integrated on silicon waveguides.
Micro-disk lasers are attractive because the whispering gallery
mode allows can be separated from the top contact used for
injecting the current [6].

Figure 3 Microdisk laser: cross-section (left) and FP-laser with
thermal via (right).

BCB is a very bad heat conductor. Figure 3 (right) shows
how this problem can be overcome using a thermal via to the
substrate [7].

Figure 4 Array of PIN-detectors on silicon

Figure 4 and Figure 5 show respectively III-V PIN-detectors
and MSM detectors on silicon. The PIN-detectors are intended
for vertical injection, e.g. through a grating coupler, which
allows for a thick bonding layer (>2um). For the MSM-
detectors, light is coupled through evanescent field coupling,
which requires a bonding layer below 300nm [4].

Figure 5 Array of MSM-detectors on silicon waveguides

I,  CONCLUSTION

We developed a new approach for integration of II-V
optoelectronic devices on silicon waveguides. Several devices
fabricated using this technology were demonstrated.
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ABOUT 1PRM 2008

IPRM 2008 is the major conference worldwide on Indium Phosphide and Related
Materials, from physics to applications. It aims at highlighting major developments in
the field of InP and related materfals, devices and processing at the heart of key
technologies in optical telecommunications, ultrafast microelectronics, sensors.

The IPRM technical conference and exhibit is held yearly and its location alternates
between North America, the Pacific Rim and Europe. IPRM08 constitutes the 20th
anniversary of this long established major event and will be held in Versailles, 25th -
29th May 2008.

i additionto - the “technical programime “with “plenary, invited and contributed
presentations, together with two short courses, the conference also hosts a technical
exhibit. A rump session devoted to 'hot topics' in the Conference technical scope is also
organised.

The following five topic al areas will be addressed:

Bulk crystal growth and characterisation

- Epitaxy and hetero-integration

- Optoelectronic devices and related processing
- Electron devices and related processing

- Nanostructures and novel materials
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