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Fig. 1. Si3N, microring device: (a) Designed cross-sectional dimensions of the SisN; waveguide; (b) image of the SizN, microring

device; (c¢) picture of the SizN, device after fiber pigtail coupling and temperature control packaging.
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Fig. 2. Schematic of measuring the resonance property of SizN, MRR. MRR: microring resonator; PD: photodetector.
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Fig. 3. Measured resonance property of the Si;N, MRR.
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Fig. 4. Measured transmission spectrum around 1540.5 nm.
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Fig. 5. Spontaneous four-wave mixing process: (a) Spontan-
eous four-wave mixing process in the third order nonlinear
optical materials; (b) energy conservation condition; (c) mo-

mentum conservation condition.
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Fig. 6. Experimental setup for generating and measuring correlated photon pairs in SisN, MRR. VOA: variable optical attenuator;

EDFA: erbium-doped fiber amplifier; PC: polarization controller; BS: beam splitter; PM: power meter; DWDM: dense wavelength

division multiplexer; WSS: wavelength selective switch; SNSPD: superconducting nanowire single-photon detector; TDC: time-to-di-

gital converter.
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Fig. 9. Quantum correlation measurements of photon pairs:
(a) Coincidence count rate and accidental coincidence count
rate between signal photons and idler photons; (b) CAR at
different pump powers.

= = = =
[==) (=) o (=)
© o S )

—_
(=)
=

Coincidence count rate/(102 s)

Il

0 10 20 30 40 50 60 70
Number of the wavelength pairs

—
(=)
=3

10 WA 3 Y 2 X SRR T X AT S T AL
Fig. 10. Measured coincidence count rate with multiple

paired wavelengths.

4 % W

ASCEET RACREIME IR, S T
PEREZ PR SRR A = AL A, i1 R SEA
ez NI UNRIESS 22 /el R E|

HICHEEF Dy 20 GHz B BEAEIR A, 1E 25.6 nm
AR AT LA ) 72 T 71 % SRR 0. AR
BIF9E T AR D i1 2 983 B 0 A I 245 g e e e 11 1
o PFRER, B L T2 PR AN R B AR )
TR, AMURR T A MRE A& T RO T
XF P R AR RE, b AR 2 i i
2GR 28 R R B T IR SR ERR . ARk B9 AR AT
dE— AR FOC T X ZR G VERE S R AN, [
e i — 2 A B AL A 5 A AR AE A5 AR IR
AU G BURE, R BIRE IR I (9 il S5 PR 7, 52
P AT G IHECR A CAR, DAE S HAE L bR
TR BEA PR,

S 30k

O'brien J L 2007 Science 318 1567
Sheng Y B, Zhou L, Long G L 2022 Sci. Bull. 67 367
[3] Hu X M, Guo Y, Liu B H, Li C F, Guo G C 2023 Nat. Rev.
Phys. 5 339
[4] Coércoles A D, Takita M, Inoue K, Lekuch S, Minev Z K,
Chow J M, Gambetta J M 2021 Phys. Rev. Lett. 127 100501
[5] Schupp J, Krcmarsky V, Krutyanskiy V, Meraner M,
Northup T E, Lanyon B P 2021 PRX Quantum 2 020331
6] Duan L M, Lukin M D, Cirac J I, Zoller P 2001 Nature 414
413
[7] Politi A, Matthews J C, Thompson M G, O'brien J L 2009
IEEE J. Sel. Top. Quantum Electron. 15 1673
[8] Wang J, Sciarrino F, Laing A, Thompson M G 2020 Nat.
Photonics 14 273
9] Lu L, Zheng X, Lu Y, Zhu S, Ma X S 2021 Adv. Quantum
Technol. 4 2100068
[10] Wengerowsky S, Joshi S K, Steinlechner F, Hiibel H, Ursin R
2018 Nature 564 225
[11] Roslund J, De Araujo R M, Jiang S, Fabre C, Treps N 2014
Nat. Photonics 8 109
[12] Joshi S K, Aktas D, Wengerowsky S, Lon¢ari¢ M, Neumann S
P, Liu B, Scheidl T, Lorenzo G C, Samec Z, Kling L J S A
2020 Sci. Adv. 6 eaba0959
[13] Ma Z, Chen J Y, Li Z, Tang C, Sua Y M, Fan H, Huang Y P
2020 Phys. Rev. Lett. 125 263602
[14] Yin Z, Sugiura K, Takashima H, Okamoto R, Qiu F,
Yokoyama S, Takeuchi S 2021 Opt. Express 29 4821
[15] Rahmouni A, Wang R, Li J, Tang X, Gerrits T, Slattery O,
Li Q, Ma L 2024 Light Sci. Appl. 13 110
[16] Fan Y R, Lyu C, Yuan C Z, Deng G W, Zhou Z Y, Geng Y,
Song H Z, Wang Y, Zhang Y F, Jin R B 2023 Laser
Photonics Rev. 17 2300172
[17] Zeng H,He Z Q, Fan Y R, Luo Y, Lyu C, Wu J P, Li Y B,
Liu S, Wang D, Zhang D C 2024 Phys. Rev. Lett. 132 133603
[18] Fan Y R 2022 Ph. D. Dissertation (University of Electronic
Science and Technology of China) (in Chinese) [J& =% 2022
FA2EAOR S (R BT RHE )]
[19] Wang H, Zeng Q, Ma H, Yuan Z 2024 Adv. Devices Instrum.
5 0032
[20] Samara F, Maring N, Martin A, Raja A S, Kippenberg T J,
Zbinden H, Thew R 2021 Quantum Sci. Technol. 6 045024
[21] OuZY,LuY J 1999 Phys. Rev. Lett. 83 2556

N~ =

230304-6


https://doi.org/10.1126/science.1142892
https://doi.org/10.1126/science.1142892
https://doi.org/10.1126/science.1142892
https://doi.org/10.1126/science.1142892
https://doi.org/10.1126/science.1142892
https://doi.org/10.1126/science.1142892
https://doi.org/10.1126/science.1142892
https://doi.org/10.1016/j.scib.2021.11.002
https://doi.org/10.1016/j.scib.2021.11.002
https://doi.org/10.1016/j.scib.2021.11.002
https://doi.org/10.1016/j.scib.2021.11.002
https://doi.org/10.1016/j.scib.2021.11.002
https://doi.org/10.1016/j.scib.2021.11.002
https://doi.org/10.1016/j.scib.2021.11.002
https://doi.org/10.1038/s42254-023-00588-x
https://doi.org/10.1038/s42254-023-00588-x
https://doi.org/10.1038/s42254-023-00588-x
https://doi.org/10.1038/s42254-023-00588-x
https://doi.org/10.1038/s42254-023-00588-x
https://doi.org/10.1038/s42254-023-00588-x
https://doi.org/10.1038/s42254-023-00588-x
https://doi.org/10.1038/s42254-023-00588-x
https://doi.org/10.1103/PhysRevLett.127.100501
https://doi.org/10.1103/PhysRevLett.127.100501
https://doi.org/10.1103/PhysRevLett.127.100501
https://doi.org/10.1103/PhysRevLett.127.100501
https://doi.org/10.1103/PhysRevLett.127.100501
https://doi.org/10.1103/PhysRevLett.127.100501
https://doi.org/10.1103/PhysRevLett.127.100501
https://doi.org/10.1103/PRXQuantum.2.020331
https://doi.org/10.1103/PRXQuantum.2.020331
https://doi.org/10.1103/PRXQuantum.2.020331
https://doi.org/10.1103/PRXQuantum.2.020331
https://doi.org/10.1103/PRXQuantum.2.020331
https://doi.org/10.1103/PRXQuantum.2.020331
https://doi.org/10.1103/PRXQuantum.2.020331
https://doi.org/10.1038/35106500
https://doi.org/10.1038/35106500
https://doi.org/10.1038/35106500
https://doi.org/10.1038/35106500
https://doi.org/10.1038/35106500
https://doi.org/10.1038/35106500
https://doi.org/10.1109/JSTQE.2009.2026060
https://doi.org/10.1109/JSTQE.2009.2026060
https://doi.org/10.1109/JSTQE.2009.2026060
https://doi.org/10.1109/JSTQE.2009.2026060
https://doi.org/10.1109/JSTQE.2009.2026060
https://doi.org/10.1109/JSTQE.2009.2026060
https://doi.org/10.1038/s41566-019-0532-1
https://doi.org/10.1038/s41566-019-0532-1
https://doi.org/10.1038/s41566-019-0532-1
https://doi.org/10.1038/s41566-019-0532-1
https://doi.org/10.1038/s41566-019-0532-1
https://doi.org/10.1038/s41566-019-0532-1
https://doi.org/10.1038/s41566-019-0532-1
https://doi.org/10.1038/s41566-019-0532-1
https://doi.org/10.1002/qute.202100068
https://doi.org/10.1002/qute.202100068
https://doi.org/10.1002/qute.202100068
https://doi.org/10.1002/qute.202100068
https://doi.org/10.1002/qute.202100068
https://doi.org/10.1002/qute.202100068
https://doi.org/10.1002/qute.202100068
https://doi.org/10.1002/qute.202100068
https://doi.org/10.1038/s41586-018-0766-y
https://doi.org/10.1038/s41586-018-0766-y
https://doi.org/10.1038/s41586-018-0766-y
https://doi.org/10.1038/s41586-018-0766-y
https://doi.org/10.1038/s41586-018-0766-y
https://doi.org/10.1038/s41586-018-0766-y
https://doi.org/10.1038/s41586-018-0766-y
https://doi.org/10.1038/nphoton.2013.340
https://doi.org/10.1038/nphoton.2013.340
https://doi.org/10.1038/nphoton.2013.340
https://doi.org/10.1038/nphoton.2013.340
https://doi.org/10.1038/nphoton.2013.340
https://doi.org/10.1038/nphoton.2013.340
https://doi.org/10.1126/sciadv.aba0959
https://doi.org/10.1126/sciadv.aba0959
https://doi.org/10.1126/sciadv.aba0959
https://doi.org/10.1126/sciadv.aba0959
https://doi.org/10.1126/sciadv.aba0959
https://doi.org/10.1126/sciadv.aba0959
https://doi.org/10.1126/sciadv.aba0959
https://doi.org/10.1103/PhysRevLett.125.263602
https://doi.org/10.1103/PhysRevLett.125.263602
https://doi.org/10.1103/PhysRevLett.125.263602
https://doi.org/10.1103/PhysRevLett.125.263602
https://doi.org/10.1103/PhysRevLett.125.263602
https://doi.org/10.1103/PhysRevLett.125.263602
https://doi.org/10.1103/PhysRevLett.125.263602
https://doi.org/10.1364/OE.416165
https://doi.org/10.1364/OE.416165
https://doi.org/10.1364/OE.416165
https://doi.org/10.1364/OE.416165
https://doi.org/10.1364/OE.416165
https://doi.org/10.1364/OE.416165
https://doi.org/10.1364/OE.416165
https://doi.org/10.1038/s41377-024-01443-z
https://doi.org/10.1038/s41377-024-01443-z
https://doi.org/10.1038/s41377-024-01443-z
https://doi.org/10.1038/s41377-024-01443-z
https://doi.org/10.1038/s41377-024-01443-z
https://doi.org/10.1038/s41377-024-01443-z
https://doi.org/10.1038/s41377-024-01443-z
https://doi.org/10.1002/lpor.202300172
https://doi.org/10.1002/lpor.202300172
https://doi.org/10.1002/lpor.202300172
https://doi.org/10.1002/lpor.202300172
https://doi.org/10.1002/lpor.202300172
https://doi.org/10.1002/lpor.202300172
https://doi.org/10.1002/lpor.202300172
https://doi.org/10.1002/lpor.202300172
https://doi.org/10.1103/PhysRevLett.132.133603
https://doi.org/10.1103/PhysRevLett.132.133603
https://doi.org/10.1103/PhysRevLett.132.133603
https://doi.org/10.1103/PhysRevLett.132.133603
https://doi.org/10.1103/PhysRevLett.132.133603
https://doi.org/10.1103/PhysRevLett.132.133603
https://doi.org/10.1103/PhysRevLett.132.133603
https://doi.org/10.34133/adi.0032
https://doi.org/10.34133/adi.0032
https://doi.org/10.34133/adi.0032
https://doi.org/10.34133/adi.0032
https://doi.org/10.34133/adi.0032
https://doi.org/10.34133/adi.0032
https://doi.org/10.1088/2058-9565/abf599
https://doi.org/10.1088/2058-9565/abf599
https://doi.org/10.1088/2058-9565/abf599
https://doi.org/10.1088/2058-9565/abf599
https://doi.org/10.1088/2058-9565/abf599
https://doi.org/10.1088/2058-9565/abf599
https://doi.org/10.1088/2058-9565/abf599
https://doi.org/10.1103/PhysRevLett.83.2556
https://doi.org/10.1103/PhysRevLett.83.2556
https://doi.org/10.1103/PhysRevLett.83.2556
https://doi.org/10.1103/PhysRevLett.83.2556
https://doi.org/10.1103/PhysRevLett.83.2556
https://doi.org/10.1103/PhysRevLett.83.2556
https://doi.org/10.1103/PhysRevLett.83.2556
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 23 (2024) 230304

Generation of multiwavelength quantum correlated photon
pair for quantum entanglement key distribution”
Hu Fei-Fei!  Li Si-Ying?  Zhu Shun Huang Yu! Lin Xu-Bin?"
Zhang Si-Tuo?  Fan Yun-Ru?' Zhou Qiang?  Liu Yun?

1) (Power Dispatching Control Center of China Southern Power Grid Co., Ltd., Guangzhou 510663, China)
2) (Anhui Quantum-Safe Engineering Technical Research Center, Wuhu 241002, China)

( Received 10 September 2024; revised manuscript received 11 October 2024 )

Abstract

With the rapid development of quantum information technology, fully connected multi-user quantum
entanglement distribution networks have received increasing attention. Among these, multi-wavelength
quantum light sources are key devices for establishing connections between multiple users. Despite recent
impressive advances, there are still challenges in increasing the wavelength number of photon pairs due to
limitations in the design and fabrication of nonlinear optical devices. The potentials of silicon nitride (SizN,)
microring resonators (MRRs), as scalable platforms for multi-wavelength quantum light sources, are explored in
this work.

The key design parameters of the Sis3N, MRRs, including waveguide dimension, resonator dispersion, and
coupling condition, are comprehensively analyzed to optimize photon-pair generation. Based on these
parameters, a SisN, MRR with a free spectral range of 20 GHz and an average quality factor of 1.6 million is
designed and fabricated. This small free spectral range can generate more channels of correlated photon pairs by
using the same wavelength resources. The high-quality resonator contributes to the enhancement of the rate of
generating high photon pairs , which are critical for quantum entanglement distribution. With a continuous-
wave pump laser, correlated photon pairs across a wide spectral range are generated through the spontaneous
four-wave mixing (SFWM). The coincidence-to-accidental ratio (CAR) measurements verify the strong quantum
correlation between photon pairs, highlighting the

reliability of the system for entanglement distribution. = b o oot o

Furthermore, the generation and output characteristics § w0t o T of ﬂﬂo 7 %ﬂ 5

of quantum-correlated photon pairs are experimentally % ﬂﬂ ? i 0o
investigated with a tunable bandpass filter. The results E 10°4

demonstrate that 71 wavelength-correlated photon g 102 1

pairs within a 25.6 nm spectral range are successively £

generated as shown in the Fig. A. Our results pave the 'E 10!

way for developing the multi-wavelength quantum g Hmh
light sources with SisN, platform, thereby advancing 1000 10 20 30 40 50 60 70
the multi-user quantum networks. Number of the photon pairs
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