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InP 2D Photonic Crystal Lasersintegrated onto SOI
waveguides
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Abstract: We report on the fabrication of InP-based 2D phimt@rystal lasers operating around
1.5um at room temperature integrated and evandgceatipled to SOl waveguides. Laser
operation is obtained from a line defect structgeurately aligned on top the SOI circuitry.
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All-optical devices will play a crucial role in th@ext decades, in the domain of information and
communication technology due to their ability tinlgrefficient solutions to data transmission anacpssing. In this
context, the domain of integrated optics has enteagea major actor both in the industrial and acadescientific
communities. “Integrated” takes on a particular mieg in that the propagation as well as the prangssf signals
takes place on a single platform. Thus the photanicuits should be constituted of elements ablecaatrol
perfectly the propagation of light with a view &atising “passive” functions such as guiding atteéring as well as
elements dedicated to active functions such as s@nis switching and a multitude of others, capabfe
manipulating optical information at will. In thiontext, two principal technological choices haveeaged: Silicon
Photonics and IlI-V semiconductors photonics.

Silicon is a thoroughly studied material, and upsssed in quality of fabrication with very high Idi@ue to
decades of investment from the microelectronicsisiiy. Because of the favourable electronic, optarad physical
properties of silicon and the mature complementaeyal-oxide semi-conductor (CMOS) fabrication & geesing
technology, large-scale integration of functiongitical devices becomes possible, including integnatwith
relatively complex electronic components. Howe&ilicon, due to its indirect electronic band gamdd the ideal
material for light emission and light control; M-based semiconductors alloys are far more suitabtenot so well
suited for guiding the light in ultra small wavedas because of the absence of a natural oxideeralibe of a less
mature processing technology. But the direct baaqul-@f most I1l1-V materials makes efficient stimealdtemission
possible, which enables the realization of lasaensplifiers, detectors and modulators. The comhbdnatf silicon
photonics, enhanced by IlI-V based optical functi@ould combine the best of both worlds leadinchighly
versatile silicon/lll-V photonics platform and lead the way to large scale photonic integratio2]1,
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Fig.1. a) Schematics of the hybrid structib) SEM image of th 2D FC waveguide aligned to the Si W

We investigate a new optical platform based orhiterogeneous integration of InP-based active R@dnic
crystals (PCs) on top of silicon on insulator (P@baveguides. The platform consists in a two |etalcture (see
Fig. 1.a)). The bottom level is composed of SOrmarwaveguides (width ~500nm and ~220nm height¢natihe
light propagates in a passive way, i.e. withoutlim@ar interaction with the matter. The upper lajgra thin
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membrane (~265nm) of InP which contains an actieeliomm. Here, the light interacts strongly with thatter to
achieve laser emission. The 2 levels are sepalateai thin transparent layer of low refractive index1.54 for
BCB) allowing evanescent coupling.

The first challenge to tackle is the fabricationtlis “hybrid” structure. The fabrication relies tre adhesive
bonding of the InP-based heterostructure on the Wi@s through the use of the planarising polym&BB The
success of the fabrication also depends obviouslthe quality of the two parts (SOI and InP strues) and to a
very large extent on the accuracy and the repdigyabi the alignment of the PC structures with mdent
waveguide. 500nm wide Silicon waveguides are faleit at in the CMOS fab of IMEC, Leuven (Belgiunsjng
193nm DUV lithography on SOI, InP wafers being gnost LPN. Alignment markers written on same maskllas
the waveguides allow us to align the PC level defiby electron beam lithography to the Si wavegiidée PC is
patterned in the IlI-V membrane using reactive ietching and inductively coupled plasma etching. SEM
measurements (see Fig.1.b)) allow us to demongtrateour 2DPC structures are aligned on top of BiDds with
accuracies better than 30nm.
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Fig.2. Laser power vs Pump energy in-log scalelnset: Laser spectrum for Pump ene¢ = 9.6pJ

The sample under study is a 2DPC line-defect Wlegaide made in a 265nm thick InP membrane embedting
InGaAsP/InGaAs quantum wells whose luminescenc&span1530nm. The lattice constant (455nm) anchtile
diameter (250nm) are chosen to place the slow mbdeese waveguides in the gain region of the QMé&se, the
BCB layer separating the membrane from the SOIl lsvd00nm thick. The samples are optically pumpgdhe
surface using a Ti:Sa laser delivering 100fs pui&e300nm at a repetition rate of 80MHz. The emis$$ collected
at the end of 12mm long SOI waveguides throughirggatouplers using an optical fibre. The laser siois power

is plotted on Fig. 2 as a function of the pump eslenergy in a log-log scale. From the standardaped curve, can
be determined a threshold of about only 5pJ. Ia slaimple the laser emission peaked at 1535nm alsecaeen in
the inset of Fig.2. Observation of laser emissibdiierent wavelengths from lithographically tuh®Cs will also
be presented and discussed.
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