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Abstract: We present a silicon-on-insulator quantum photonic device able to generate and
analyze two maximally entangled qubits. Quantum interference between resonant four-wave
mixing sources, phase-stable frequency-selection, and quantum state tomography are shown.

1. Introduction

Silicon quantum photonics promises to take quantum optics to the large scale, where single photons carry the quantum
information which can accelerate difficult computational problems, provide perfectly secure communication, or allow
high-accuracy measurements. The silicon photonics platform offers miniature, high-yield, and high-performance pho-
tonic systems which can be integrated with CMOS electronics and telecommunications-band (1550-nm) optics. How-
ever, before large-scale quantum optics can be realized in silicon, several technological hurdles must be overcome.

To date, only non-scalable photon-pair sources, based on spontaneous four-wave mixing [1] (SFWM) in straight
silicon waveguides have been shown to interfere [2]. These sources are unsuitable for scaling up, due to limitations
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Fig. 1. a) Schematic and operation of the device. b) Quantum and classical interference fringes (on
qIZ) between photon-pair sources. c) Reconstructed density matrix real and imaginary parts.
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in brightness and spectral correlation. In this work, we use bright and potentially spectrally uncorrelated [6] silicon
microring resonator sources of SFWM photon-pairs, pumped by a picosecond pulsed laser.

Until now, single-photon experiments in silicon [3] have exclusively used an off-chip apparatus, such as a silica
arrayed waveguide grating, to control and manipulate photon frequency. Here, we show the first use of phase-stable
on-chip wavelength-division multiplexing (WDM) elements. As pictured in Fig. 1a, we use two four-port racetrack
resonators to separate the signal photon from each co-propagating pair. The phase-stability of this arrangement is
important for the final step of our quantum circuit: two-photon quantum state tomography [4].

By creating a photon pair in a superposition between the two sources, then separating the signal photon from each
part of that superposition and relabeling the four waveguides, we generate a maximally entangled state of two path-
encoded qubits—a Bell state. The final interferometers of our circuit execute R̂Y and R̂Z rotations on those qubits, such
that we can infer what the on-chip state is, via quantum state tomography. This is the first time an entangled state of
photonic qubits has been both generated and analyzed on-chip.

2. Results

2.1. Source interference

Using this device, we demonstrate high-visibility interference between two microring sources, analogous to our
demonstration with straight-waveguide sources in [2]. After detuning the WDM resonators, and configuring qIY = p/2
(such that the interferometer surrounding the sources is closed), we varied the phase qIZ to obtain the fringe shown
in Fig. 1b, with an accidental-subtracted visibility of 96.8%. This high-visibility indicates that the two microring
sources are spectrally well overlapped, and that any other effects due to the resonant sources also introduce negligible
additional distinguishability.

2.2. Quantum state tomography

With good source interference established, we setup the Bell state via the 17-dB extinction WDM resonators, and
used maximum likelihood quantum state tomography to reconstruct the state, using the phases qSZ, qSY, qIZ, and qIY
(see Fig. 1a). We collected an over-complete set of 36 measurements which included the complete POVM sets [4]
by building projectors from the single-qubit states |0i, |1i, |+i, |�i, | + ii, and | � ii. The reconstructed density
matrix is plotted in Fig. 1c. We compared the reconstructed state to the target Bell state |Y+i by computing the
fidelity as F = hY+|r|Y+i = 0.88.

3. Conclusion

We observe high-visibility interference between pairs from different microring sources, pumped by a picosecond
pulsed laser. These sources, pumped in this way, could produce spectrally disentangled photon pairs [6], which could
be used in integrated multiphoton systems. Our reconstructed Bell state has a total system fidelity (F = 0.88) approach-
ing that of the previous post-selected state-of-the-art [5] of F 2 [0.885,0.947] for the four Bell states. This fidelity could
be improved (ex. with improved tomography calibration, or with a tuned first coupler), but is nonetheless quite high.

These results represent a new state-of-the-art in functionally integrated quantum photonics. We have presented an in-
tegrated photonic device able to generate photon pairs, perform phase-stable frequency selection, and analyze the state
of two qubits, via on-chip quantum state tomography. We showed that two scalable SFWM sources generate highly
indistinguishable photons with high contrast interference. The designed frequency selection elements showed high
extinction, and we were able to successfully reconstruct the on-chip state using the built-in tomography components.
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