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Abstract: We generate correlated photon pairs in the telecom band from an 80 µm long 
dispersion-engineered silicon photonic crystal waveguide. The spontaneous four-wave mixing 
process producing the photon pairs is enhanced by slow light propagation.  
OCIS codes: (130.5296) Photonic crystal waveguides; (270.5585) Quantum information and processing. 

 
 

The integration of optical components for use in emerging quantum technologies such as quantum-secured 
communication [1] is under intense investigation. A bright, efficient and triggerable single photon source in the low 
loss telecom bands is a key requirement for many applications. A common strategy is to generate correlated photon 
pairs using a spontaneous nonlinear process, with the detection of one photon “heralding” the arrival of the other. As 
nonlinear pair generation is stochastic, achieving scalability in such devices will require the on-chip integration of 
many identical pair sources, allowing the parallel generation of many photons [2]. These must be then routed for use 
in quantum logic gates or communication protocols. Architectures investigated for such sources include periodically 
poled lithium niobate (PPLN) waveguides [3] and chalcogenide glass waveguides [4], using 3-wave and 4-wave 
mixing respectively. The drawbacks of such sources are numerous, including active temperature control and mode 
matching (PPLN), and significant Raman noise which negatively impacts the photon statistics (chalcogenides). In 
this light, silicon is an attractive platform for creating parallel on-chip quantum sources, due to its high χ(3) 
nonlinearity, its potential for on-chip switching, a narrow Raman gain spectrum and natural CMOS compatibility. 

As quantum information is increasingly demanding many-photon input states, a mature silicon source might 
eventually contain hundreds of individual pair generation units combined with intelligent routing as the photons 
appear. To make this a reality, a compact and efficient individual generation unit is a critical development.  Here we 
report the generation of correlated pairs of photons in the telecom band from an 80 µm silicon photonic crystal 
(PhC) waveguide operating in a dispersion-engineered slow light regime. The slow light enhancement of 
spontaneous four-wave mixing (FWM) critically decreases the path length of the device, making it the most compact 
emitter of quantum correlated photon pairs yet reported. 

 
 

 
 
 

 
 
 
 

 

 
 

Fig 1. a.) Schematic of FWM in the PhC waveguide.  A fast coherent pulse of light enters the waveguide and is spatially compressed due 
to the slow light properties.  Two photons from the pump are converted to signal and idler photons of higher and lower energy 

respectively and b.) Schematic of the experimental setup: PC-polarization controller, BPF–bandpass filter, POL–polarizer, LF–lensed 
fiber, PM–power meter, AWG–arrayed waveguide grating, DG–delay generator, SPD–single photon detector, PD–photodiode. 
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The waveguide was fabricated on a silicon-on-insulator wafer comprising a 220 nm silicon layer on 2 µm of silica 
through the use of electron-beam lithography and reactive ion etching. The PhC waveguide (see Fig. 1a) is created 
from a triangular lattice of air holes etched in a suspended silicon membrane, with a row of holes missing along the 
GK direction. The rows adjacent to the waveguide centre are laterally shifted to engineer the waveguide dispersion 
such that it exhibits a group velocity of ~c/30 with low dispersion across a 10 nm window [5]. Silicon access 
waveguides including inverse tapers and wide polymer waveguides (see Fig. 1a) were added to the input and output 
of the photonic crystal waveguide to improve coupling efficiency [6]. The PhC waveguide is probed as shown in 
Fig. 1b). A fiber laser generates a 10 MHz repetition rate train of 1541 nm, 6 ps pulses. The pulses are spectrally 
filtered and TE polarized, then coupled to the chip with ~25% efficiency using lensed fibers [4]. Generated signal 
and idler photons at 3 nm detuning from the pump are collected at the output, separated using an AWG, and filtered 
using two 0.5 nm band pass filters (BPFs) before being sent to InGaAs SPDs. Fig. 2a) shows that the single counts 
at SPD1 vary quadratically with input peak power, a clear sign that photons are being generated through FWM. The 
count at zero input power gives the dark count obtained when triggering the detector by sampling the laser at 3.3 
MHz, the maximum possible for the dead time and delay settings used. 
  

 
Fig 2. Dependence on peak power of a.) SPD1 counts for 3 nm detuning from the pump; b.) coincidence (black) and accidental (red) 

counts at SPD2; c.) CAR when each channel contains one BBF (black) and two BPFs (red). 

The detection of a photon at both detectors triggered to open at the same pulse gives a coincidence count (C). We 
measure accidental counts (A) by varying the delay between detectors electronically to open them for consecutive 
pulses. Fig. 2b) shows the coincidences are consistently higher than the accidentals, confirming the generation of 
correlated pairs of photons. Fig. 2c) displays the measured coincidence to accidentals ratio (CAR = (C-A)/A) 
obtained at various power levels with either one or two BPFs in each output. With one BPF we see a reduced CAR 
due to pump leakage. With two BPFs, a maximum CAR of 2.0 is achieved for an input peak power of 2.0 W. This 
CAR value is currently limited by the high dark counts in the InGaAs detectors being comparable to the count rates 
after losses. The roll-off of the CAR beyond this power level is due to two photon absorption (TPA) and the 
resulting free carrier absorption in silicon, which both occur at lower input powers than in silicon nanowires, due to 
the slow light [5]. Multiphoton generation may also contribute at higher pump powers. Improved detector efficiency 
and lower dark counts would allow lower pump powers to be used, substantially reducing the impact of TPA and 
free carrier generation and should result in an improved CAR. The inherent -26 dB losses of the experimental setup 
stem from off chip components and would therefore not be an issue in the proposed multiple waveguide sources on 
chip, making this ultra-compact 80 mm device the first step towards a scalable parallel photonic source.  
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