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Fig. 1. Cross-sectional diagram of the waveguide structure and schematic illustration of the single-photon source device. 1) Y-split-

ter. 2) Asymmetric directional coupler. 3) Mode dispersion phase-matched photon pair source. 4) 2 x 2 directional coupler in the

upper arm with an electrothermal phase shifter. The modeled lithium niobate waveguide structure has a sidewall angle § = 60° and

a height h = 0.36 um, with the material model being uniformly grown lithium niobatel2d.

154204-2



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 15 (2023) 154204

Pri % MODE #4115:45 i, [RIA kA FDTD
AR Ny . 238, A K L =
102.55 pm. B R vh I BLRDE 7 4 A Dk
TR B A& 2(b) Fr . WERLE R EoR, R R
775 nm B, TEo % TE, B 838 5 95.9%,
HIBRBFETR 7, TE JLF-5¢ 42544 4 TE; .

2.04 + 17 TEo75 (2)
!7 TE1,775
2.02 + ‘7 TE2,775
A
> 2.00
=R
g
= 1.98
T
1.96
194+ ¢
0.97
0.91
N
pea]
#
0.85
0.1}
0 .
0.79 755 775 795
755 765 775 785 795
K /nm

B 2 (a) 775 nm FIHOLTE TEo, TE1, TE M T A 8k
S AR I 9 B 1 AR A (b) AR X BRE 8 HE A AR 04 F G
T LA S AL 3 53 A1 ]

Fig. 2. (a) Effective refractive index variation curves for
775 nm pump light in TEg, TE; and TE2 modes as a func-
tion of waveguide width; (b) free spectral range and simu-
lated optical field distribution diagram of asymmetric direc-

tional coupler.
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Fig. 3. (a) Variation curves of effective refractive index for
775 nm TEg, TE;1, TE2 mode light and 1550 nm TEg
mode light as a function of waveguide width; (b) output

parametric light spectrum diagram.
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Fig. 4. (a) Variation of phase-matching wavelength with
waveguide width; (b) variation of phase-matching
wavelength with waveguide sidewall angle 6; (c) variation of

phase-matching wavelength with temperature.
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Fig. 5. Effective refractive index scan data for 775 nm TE2
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Abstract

In the domain of integrated quantum photonics, the burgeoning superiority of lithium niobate’s second-
order nonlinearity in electro-optic modulation makes thin-film lithium niobate a leading quantum photonic
platform after silicon. To date, single-photon sources using thin-film lithium niobate has mainly adopted
periodic polarization quasi-phase matching technology, which requires the preparation of complex electrodes for
domain inversion in the waveguide to realize quasi-phase matching. This method inevitably introduces
complexity, such as complex processing methods, enlarged polarization regions, and compromised integration
density. With the development of quantum information technology, the ever-increasing degree of integration
constantly creates new demands. Consequently, the development of a streamlined, high-efficiency quantum light
source on a lithium niobate platform is a pressing issue. In this study, we propose a novel thin-film lithium
niobate parametric down-conversion single-photon source based on mode dispersion phase matching theory. The
strategy is different from conventional strategies that utilize periodic polarization to generate single-photon
sources in thin-film lithium niobate devices. In contrast to traditional quasi-phase matching techniques that
utilize the phase matching between pump fundamental mode light and parametric fundamental mode light, our
method employs the phase matching between the pump light’s higher-order mode and the parametric light’s
fundamental mode. The pump light’s higher-order mode is obtained by designing an asymmetric directional
coupler. The device’s single-photon yield can attain 3.8 x 107 /(ssmW), satisfying the requirements for optical
quantum information processing. This innovative solution is expected to replace the traditional quasi-phase-
matching single-photon sources, thus further promoting the study of optical quantum information based on
thin-film lithium niobate chips.

Keywords: single photon source, thin-film lithium niobate, mode dispersion phase matching
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