Integrated photon pair source for SOI-based quantum optics
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Photon pair sources are an important building block for optics based Quantum Information Processing (QIP)
such as Quantum Key Distribution (QKD) and Linear Optics Quantum Computing (LOQC) [1]. Beyond the
demand for reliable and cheap photon pair sources for QKD, LOQC also requires interferometers that are
mechanically stable and loss-free for which integrated photonics is particularly attractive [2]. In this context,
photon pair generation (PPG) has been demonstrated via the third order nonlinear interaction between a silicon
straight waveguide (Si-w) and a pulsed beam [3]. Such a source cannot be directly followed by other integrated
components as photon pairs would be generated throughout the silicon chip. The solution we propose to suppress
the pump beam consists of a Sagnac Loop Interferometer (SLI) in which photon pairs are generated and pump
beam destructively interferes with itself, thereby allowing photon pairs to be generated in a localised part of the
silicon chip. Furthermore, our study has been performed in a continuous instead of a pulsed regime, thereby
avoiding any synchronization between detectors and laser and allowing for much cheaper laser sources. Our
experimental setup is presented in Fig. 1. The experiment is performed at different pump power both in the a Si-
w and the SLI. Results are presented in Fig. 2. The flux of generated pairs and the Signal-to-noise ratio are
limited by the outcoupling loss and detector inefficiency. The photon flux is less than expected because the
emitted spectrum is around 8nm (FWHM) broad instead of the expected 70nm. The performance of the SLI is
not yet perfect: the pump suppression efficiency decreases with the pump power (from -22dB to -15dB) due to
unexpected nonlinear behaviour in the directional coupler that changes the coupling ratio; and the Signal-to-
Noise ratio is lower than in the Si-w which might be due to PPG in the broad (800nm) waveguide before the SL1I.
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Fig. 1 : The Input Filtration Line plays the role of a passband filter that suppress 150dB on frequencies outside of the band
[1538.9-1540.6]. The Half-Wave-Plate (HWP) aligns the polarization on the TE-like mode of the 500x200nm2 silicon
waveguide (made by IMEC). Coupling in/out the Si-w is ensured by gratings couplers (in free-space at the input to avoid
nonlinear scattering noise from a fiber). The Output Filtration is a notch filter which suppresses 150dB on the pump band
and separates Stokes [1542-1558] nm from anti-Stokes [1523-1538] nm photons. d1 and d2 are Avalanche Photodiodes
(APD); d2 is trigged with a 5ns delay with respect to d1. They are operated in Geiger mode with gate duration of 50ns. The
typical result is a peak that corresponds to true coincidences (purple) and noise in other time-bins (brown). The noise is due
to destroyed photon pairs and darkcount of APDs. Inset : The Si-W is 11.3 mm long and the loop in the SLI is 10 mm long.
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Fig. 2. x correspond to Si-W and + to SLI. Left : The evolution of the number of true coincidences (flux) vs the input pump
power P is 4 times lower in the SLI than in the Si-W because P is divided by 2 and the flux increases as P2. Note that the
flux saturates at higher power because of nonlinear loss. Center: The evolution of the Signal-to-Noise Ratio (SNR) vs P is
lower in the SLI indicating some pairs are split. Right: The output pump power for a given flux is almost 10dB lower in the
SLI even thought the conversion efficiency is 4 times lower which proves the suppression of the pump beam in the SLI.
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Chairs Welcome — Come to Munich in June 2009

The European Conference on Lasers and Electro-Optics and the Xith European Quantum Electronics Conference
(CLEO®/Europe-EQEC) is the largest, most comprehensive and prestigious gathering of optics and photonics researchers and
engineers organized in Europe in 2009.

The CLEO®/Europe-EQEC chairs invite you to come to Munich to participate in Europe’s most exciting photonics and quantum
electronics event, and learn about the most up-to-date technical developments in these fields. in addition, the historical and cultural
atmosphere of Munich in late June provides a perfect environment for scientific and professional networking and is a tremendous
source of scientific inspiration
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Conference Overview

The European Conference on Lasers and Electro-Optics and the XI European Quantum Electronics Conference
(CLEO®/Europe-EQEC) is the largest, most comprehensive and prestigious gathering of optics and photonics researchers and
engineers organized in Europe in 2008.

CLEO®/Europe-EQEC 2009 is integrated into the world’s largest trade fair on laser technology, LASER. World of Photonics 2008,
and will be collocated with a number of smalier speciaiist conferences including the European Conference on Biomedical Optics, the
WLT conference on Lasers in Manufacturing, the DGLM congress on Medical Laser Applications, a SPIE conference on Optical
Metrology and the Annual Meeting of the European Optical Society.

CLEO®/Europe-EQEC therefore provides European researchers and students in photonics, laser science and quantum optics a
unigue opportunity for learning, networking and business. CLEO®/Europe 2009 wili showcase the latest developments in a wide
range of laser and photonics sectors including materials, device development, systems engineering, fabrication and applications.
EQEC features the fundamentais of quantum and atom optics, quantum information, cold atoms and molecules, basic research in
lasers and spectroscopy, nonlinear and ultra-fast optics and dynamics, instabilities and patterns.

Five topical symposia will be held jointly organized by CLEO®/Europe and EQEC. Each symposium is dedicated to a particularly
important topical development with the sympaosia topics for 2009 being: Large Scale Photonic Integration; Quantum States Of Light
On Demand: Concepts to Applications; Laser Tweezers And Light Matter interactions; Terahertz sources and applications; Optics
beyond the Rayleigh resolution limit. These symposia promise to be a conference highlight.

The paper submission deadline is Monday 28 January 2009, and the registration deadline is provisionally scheduled for
Maonday 4 May 2009. Please note that registration for CLEO®/Europe-EQEC provides access to all technical sessions, the LASER.
World of Photonics 2009 exhibit, and to all co-located conferences held under the World of Photonics Congress 2009 banner.

New for 2009: World of Photonics Joint Sessions

The World of Photonics Congress groups together a large number of general and topical meetings covering all topics relevant to the
development of modem laser and photonic science and technology. For 2009, a series of special joint sessions are being especially
coordinated in order to highlight topics at the interface of the thematic areas covered by the participating conferences, with the
topics covered including emerging areas in biophotonics, fundamentals and modeling of materials processing with lasers, Fiber
Lasers and Amplifiers and metrology of optical components. Joint sessions are especially marked in the calls and programs.

In 2009, CLEO®/Europe will be holding World of Photonics Joint Sessions with the European Conference on Biomedical Optics
(ECBO) on Hot & Emerging Topics in Biophotonics; and with WLT and the Lasers in Manucfaturing (LIM) Conference with a joint
Tech Focus Session on Fiber Lasers and Amplifiers: Concepts to Applications and a common session on Fundamentais of Materials
Processing.
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