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Abstract. We design a photon pair source with emission at 606 nm and 3.98 MHz linewidth, which matches 

the spectral properties of praseodymium ions. To reduce the linewidth the use of cavity-enhanced spontaneous 

four-wave mixing was proposed. The designed integrated source is suitable for praseodymium quantum 

memories.

The development of quantum technologies requires 

quantum light to carry information over a distance. 

Optical quantum telecommunications require repeaters to 

carry information over long distances to overcome the 

losses of the propagation of light. Currently, quantum 

repeaters are based on quantum memories that store and 

release on demand single photons in media such as atoms, 

molecules, or ions. The efficient interaction between 

single-photons and the media used to store the 

information requires a match between the spectral 

properties of the input photons and that of the resonances 

of the atomic species in the media [1, 2]. Atomic species 

from rare ions have been considered such as rubidium 

(Rb), cesium (Cs), erbium (Er), europium (Eu), and 

praseodymium (Pr) [3–6]. A promising platform for 

practical single-photon sources suitable for quantum 

memories is integrated photonics. Although many works 

have developed integrated single-photon sources [7, 8], 

there still a lack of integrated sources with emission 

matching the spectral properties of atomic species for 

media-based quantum memories. 

In this work, we proposed and demonstrated the emission 

of few MHz single-photon pairs at the praseodymium 

transition line 606 nm using enhanced SFWM in a silicon 

nitride platform. Benefiting from the spectral and spatial 

characteristics of resonant modes, the emitted photons 

present a linewidth of ∆𝜈𝑠 =3.98 MHz. 

To achieve the generation of photons at the desired 

wavelength, we used theoretical and numerical 

simulations to engineer the dispersion of a micro-ring 

resonator. SFWM occurs when a nonlinear material, 

described by a third-order susceptibility χ(3), is pumped 

with two photons at frequencies ωp1 and ωp2. These 

photons are then annihilated, and a photon pair is created 

at ωs and ωi, called signal and idler.  

 

In addition to energy conservation 2𝜔𝑝  =  𝜔𝑠  +  𝜔𝑖, 

SFWM degenerated pump process (i.e., ωp = ωp1 = ωp2) 

requires wavevector conservation: 

 

    ∆𝛽 =  2𝛽𝑝(𝜔𝑝)  − 𝛽𝑠(𝜔𝑠  )  +  𝛽𝑖  (𝜔𝑖  )  −  2𝛾𝑃     (1) 

where γ is the nonlinear coefficient and P is the pump 

power. Using these equations we obtained the phase-

matching contours (Δβ = 0), in this way it was easily 

visualize the geometry required to generate photons at the 

praseodymium line w = 0.818 μm and h = 0.430 μm. 

The state generated was analysed through the joint 

spectral intensity (JSI), and the Q-factor required to match 

the spectral transition of praseodymium ions was 

obtained. The Q-factor is related to the linewidth and is 

defined as the ratio of the resonant frequency (νs) and the 

full width at half-maximum of the resonance (Q = ν/Δν). 

If we consider the spectral properties of the SFMW two-

photon state for a silicon nitride micro-ring resonator with 

radius R = 155.255 μm and waveguide cross-section of 

0.818 μm by 0.430 μm, the pump spectral width is σ/2π = 

200 kHz, so a commercially available CW pump laser 

TLB6817 from MKS could be used.  

In our case, the combination of the narrow linewidth of 

the laser and the quality factor of the cavity gives the 

frequency linewidth required (Δνs = 3.98 MHz) with a 

minimum Q-factor needed. Finally, the number of signal 

photons emitted from the resonator per second can be 

estimated as an enhancement factor E, which considers 

the flux as N = AH, where A is the area in (ωs,ωi)-space 

in which the joint spectrum has an appreciable magnitude, 

and H is the maximum value of the JSI, within this area. 

It was demonstrated that the flux enhancement increases 

with the quality factor of the resonator as [9]: 

                       𝐸 =  4 ·  𝐹𝑆𝑅 ·  𝑄𝑠  ·  (𝜋𝜈𝑠)−1                 (2)  

In the designed micro-ring resonator, we obtain 𝐸 =
1.24 ×  104. 
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In conclusion, an integrated single photon source based 

on a micro-ring resonator was designed to generate 

photons in the visible and infrared spectral range via 

SFWM mixing. The source generates signal photons at 

606 nm with a spectral linewidth of 3.98 MHz that 

matches the emission properties of praseodymium doped 

yttrium oxyorthosilicate (Pr3+:Y2SiO5) crystal. The width 

of the signal photon in the resonator mode is proportional 

to the reciprocal to the quality factor (i.e., FWHM∼ Q−1) 

and therefore, high Q-factor decreases the linewidth of the 

emitted photons. The combination of micro-ring 

dispersion engineering and cavity design is a versatile 

way to design integrated single-photon sources for media-

based quantum memories. 
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