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Abstract. Spontaneous four-wave mixing (SFWM) in a microring
resonator is considered theoretically. The joint spectral amplitude and
Schmidt number of generated biphoton field are calculated numerically for
different pump pulses. Optimal pulse shapes that provide maximum
efficiency of SFWM and minimum frequency correlations between signal
and idler photons are found.

The nonlinear process of spontaneous four-wave mixing (SFWM) is a promising way to
build heralded single-photon and entangled two-photon sources, which are essential elements
in a number of photonic quantum technologies [1]. Integration of such sources on-chip is
considered as the most promising approach to making them compatible with existing
photonic architectures and scaling the optical schemes [2]. In doing so, to reduce the required
pump power from the milliwatt to the microwatt regime, microring resonators prove to be
very useful [3], wherein the rate of SFWM increases as the mode volume decreases, and the
larger free-spectral range makes it easier to extract the emitted photons. It has been shown
recently that short and broadband pump pulses allow reducing or even eliminating frequency
correlation between the emitted photons [4, 5], which is crucial for preparing pure heralded
single-photon states. In the present work, we study the dependence of frequency correlation
and efficiency of photon pair generation on the pump pulse waveform.
The SFWM process involves sending a pump laser beam into a third-order nonlinear
material so that the nonlinear interaction occasionally leads to the annihilation of two pump
photons and creation of two photons in other modes (referred to as signal and idler) under
conditions of energy conservation and phase matching. The quantum mechanical two-photon
state is described by the joint spectral amplitude (JSA) 𝐹𝐹(𝜔𝜔𝑠𝑠 , 𝜔𝜔𝑖𝑖 ), which is the probability
amplitude of measuring a pair of photons at frequencies 𝜔𝜔𝑠𝑠 and 𝜔𝜔𝑖𝑖 . In possession of JSA we
can calculate the Schmidt number K, which describes frequency correlation of the twophoton state. In the present work, we consider SFWM in a silicon-nitride racetrack resonator
on silicon dioxide substrate and follow the theory developed in [6]. The joint spectral
amplitude of biphoton field is calculated numerically for different pump pulses such as
Gaussian, hyperbolic secant, bilateral exponential and rising exponential pulse. In doing so,
we consider different values of ratio between the pump resonance linewidth 𝛿𝛿𝜔𝜔𝑝𝑝 and
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signal/idler resonance linewidth 𝛿𝛿𝜔𝜔𝑠𝑠,𝑖𝑖 . Some results of the calculation are shown in Fig. 1,
where the joint spectral intensity (JSI) |𝐹𝐹(𝜔𝜔𝑠𝑠 , 𝜔𝜔𝑖𝑖 )|2 and the corresponding Schmidt number
are displayed for Gaussian and rising exponential pulses.

Fig. 1. The calculated JSI and Schmidt number of the biphoton field for rising exponent pump pulse
(a), (b) and for Gaussian pump pulse (c), (d), and for different pump resonance linewidth: 𝛿𝛿𝜔𝜔𝑝𝑝 = 𝛿𝛿𝜔𝜔𝑠𝑠,𝑖𝑖
(a), (c) and 𝛿𝛿𝜔𝜔𝑝𝑝 = 10𝛿𝛿𝜔𝜔𝑠𝑠,𝑖𝑖 (b), (d). In all cases, the temporal duration of the pump pulses is optimized
to provide maximum efficiency.

According to the obtained results, among considered pulse shapes, Gaussian pulses provide
maximum efficiency for any value of 𝛿𝛿𝜔𝜔𝑠𝑠,𝑖𝑖 /𝛿𝛿𝜔𝜔𝑝𝑝 . When 𝛿𝛿𝜔𝜔𝑝𝑝 = 𝛿𝛿𝜔𝜔𝑠𝑠,𝑖𝑖 , the rising exponential
pulse, which is the optimal for excitation of a single cavity mode, is less effective but provides
the minimum Schmidt number. However, in the case of 𝛿𝛿𝜔𝜔𝑝𝑝 ≫ 𝛿𝛿𝜔𝜔𝑠𝑠,𝑖𝑖 , which is necessary for
generating factorable two-photon states [4, 5], minimum Schmidt number is provided by
bilateral exponential pulses.
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