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Abstract—Photonic crystals will play a fundamental role in the II. THE COPERNICUSS EXPERIENCE

future of optical communications. The relevance of the numerical . . .
modeling for the success of this technology is assessed by using The Project focuses on the development and integration of

some examples concerning the experience of the COPERNICUsPhotonic crystal devices for OTDM and WDM receivers. The
Project. design of the different components is addressed by means
of several techniques such as, for example, Coupled Mode

. INTRODUCTION Theory (CMT), the Finite Difference in the Time Domain

(FDTD), etc. For brevity, only some examples are reported

Photonic crystals are periodic dielectric nanostructtin@ pere. More details can be found on the project website
permit to control the light flow at sub-micrometer Scaleihttp:/lwww.copernicusproject.gau

They exhibit disrupting capabilities of routing, switchirand

multiplexing in an ultra-compact integrated format andlwilA. OTDM Receiver

play a key role in the future of optical communications and The realization of an all-optical time domain receiver op-
interconnects. COPERNICUS (Compact Otdm/wdm oPticatating at100Gb/s is a real challenge. In this component,
rEciveRs based on photoNic crystal Integrated CircUitS) ife extraction of the output signal from the input frame is
a European project whose aim is to develop a cutting-edgBtained by means of an optical control pulse. Nonlinear
photonic crystal technology for the high density integratof effects in a nanocavity system permit to achieve this ofmrat
basic optical functions. The scientific and technologict 0[1]. Material and structural properties influence each other
jectives of COPERNICUS target the development of compaghd require a thorough understanding of a complex dynamical
demultiplexing receivers foil00Gb/s optical time division evolution as well as an estimation of physical propertieg. (e
multiplexed (OTDM) and wavelength division multiplexedcarrier lifetime). Design procedures are performed by oéffe
(WDM) signals, including high-speed integrated photodetepartners (DTU, TRT, UniFe) whereas LPN leads the activity
tors. Coordinated by Thales Research and Technology (TR&h material engineering, which is required to manipulat th
France, the Consortium brings together different acadenggrrier lifetime of the active medium. Fabrication is penied
and industrial partners with high profiles in photonics, namt DTU and TRT and final characterization at both FOTON and
otechnology, modeling and developing new technologies fJRT. As an example, figl shows a schematic representation
telecommunications and aerospace (the University of Mpiti of the three-ports AOG and the simulated evolution of a digna
ham UK (UNott); the Laboratory for Photonics and Nanospulse at different pump levels.

tructures (LPN) and the Laboratory of Optical Functions for )

Information and Communication Technologies (FOTON), botR- \WWDM Receiver

research units of the French National Center of Scientific The second key component for COPERNICUS is a four
Research (CNRS); DTU Fotonik at the Technical Universitghannel WDM receiver operating a5Gb/s per channel. The
of Denmark; the University of Ferrara (UniFe) in ltaly anctore of this device is a wavelength drop filter. As an example,
industrial partners u2t Photonics (U2T), Germany and Thalthe layout of a two stage filter (operating &t = 1.46um
Sysemes /feroporés (TSA), France). The aim of this papeand \o = 1.48um respectively) is shown on fig2 (right).

is to highlight the pivotal role of numerical modeling in theEach stage is realized with two L3 coupled cavities JA
development of this disruptive technology. reliable filter is obtained by the careful adjustment of ctuual
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Fig. 1. Schematic representation of the AOG (right). Pump-@m@terations

in a three-ports AOG optimized design (left). The curves shbw probe

efficiency at the drop port for different control power injed into the

structure. The corresponding values of the switching esnt(SC) are also Fig. 3. Frequency response of the photodetector. LCM: enindow-field

indicated. mobility model (dashed lines), FDM: field-dependent mobilitydab(solid
lines).

parameters, such as the hole positions and radii. The left pa

- . - i | splitters, bends and delay lines. To optimize the
of this figure reports the reflectionS{;) and transmission are signa . .
coefficients for the through portSQl)land the two drop layout, DTU and UniFe have set-up a design procedure based

ports (S3; and S41). The final device with four channels isOn 3D-FDTD and Topological Optimization (TO¥]. This

realized by duplicating this configuration. The design hesrb prpced_ure has been successfully applied to_th'e design of a
performed by UniFe, fabrication by DTU, LPN and TRT. FinaJY'JunCtIon and a doubl&0® bend, whose optimized layout

measurements will be made at both TRT and FOTON. Is illustrated in fig.4 (right). The same figure (left) show
the transmissiony,;) and the reflection;;) coefficients for

| sPameters _ the optimized (continuous lines) and the unoptimized (ddsh
; i lines) configurations; the impressive positive effects of are
evident.
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Fig. 2. Sketch of a two stage filter realized with two coupledl davities e 2D-FDFD
(right) and S parameters of the filter (left). 20 — s, FOTD+TO|| 3
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Electronic output is provided by a compact integrated ph'g_— 4 Obtimizati dure for the desian of a d bend (right)
. :£1g. 4. pumization proceaure 1or the design or a outide® ben rng
todetect.or.. The requirements for the phOtOdeteCtor aré hl\dith the final layout of the device. Transmissiofiz() and reflection §11)
responsivity & 0.54/W) and fast response>( 28GH z). coefficients (left) for the optimized (continuous lines) ahet unoptimized
This presents a number of design challenges. For examgt@shed lines) configurations.
a vertical PIN structure with an absorbing layer must be

integrated with the PhC waveguide. The bandwidth requires . CONCLUSIONS

devices with a small RC time constant, so the junction are . i _—
must be kept small. For high responsivity, the optical field&rhe ground-breaking capab.|I|t|es Of. PhC cwcwt; and sys-
ms demand a comprehensive design strategy in order to

must be transmitted from a single-mode PhC waveguide intteo : . . o "
the small photodetector, requiring careful optical matghand promply provide reliable de5|g_n guidelines. The ambiiou
efficient lateral optical confinement. Optical and eleetrgim- gpals of the COPERNICUS prolegt are pursued by means of
ulations have been performed using FDTD (UniFe) and bipolg\‘ﬁerent tools according to a multiphysics approach.
electro-thermal models (UNott), respectively. The eledteld ACKNOWLEDGMENT

dependence of the carrier velocity is taken into accoumiguai  The authors acknowledge the contribution of all the other

field-dependent mobility model. Fig.shows that the constantpartners for this work, as well as funding from the EC under
low-field mobility overestimates the modulation response ghe project Copernicus (249012).

high reverse bias. The use of field dependent carrier ma@siliti
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