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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.
BUR, RSP S T E S5 R
Qvp = Wy + Wi, (6)
Ak = 2k, — ks — ki — 2Py = 0, (7)

Hor w, SEZR G T BIBR; w, Al w; 53512 A B
5 EOLTF IR TR, XSGl 2 RE R~
E RN Bl <P E B 251, 15 56T R R 7[R B =

CW laser

gD

VOA EDFA

d

@ WSS

BS
90/10

A, IR w, Fllw T ARHBUR A BRSO . %id e
(AT P2 AR A wg T w; BT 22 1) B BT
IR, PIHCRIRR y SRIBROGT-X
(7) b 2y B, AR FEWOERT TAE S O6 T A
WG AR LREARAL I, 76T i1
U, ATRLZms, ) (7) AT LA A
Ak = 2k, — kg — k; = 0. (8)

3.2 XWKE

T HOCTE B ACRE SR T At 1 & DU TR AR
R, K 2 ANFOET, WA —AME ST
F—AN RO, S0 = A FR oA B 2 B
ST RO E T AR B e e P2
Gy ICIEIE R, BRI R SO RO T i
S E TR 5 ARG T2 T,
HTFAR SR S, BB S
S S AL 2 8 SR A T S R34, S8
SRIRRFHEI . 22 K X e ST A k) S
A EANE 6 P,

HAkH, #E22O#% (NKT Photonics, E15)
A 1540.5 nm AYZRITROG, IR TR
PRI TS PR D . BB EE A R #% (EDFA)
AT ARG R g (VOA) Xt H O S SRk A7 5
FEAE 90/10 4 HERAY 10% i LTI (PM)
WU SR TR ) 2R R O I 4 ) #5052 I ' 1 i i
J5 [ HESE 5 TE00 28, R T HGEr ik R
S AR SN U E VA= Sae ot B 1 B8 K7 ok 1 UK

SigNy

~2.2 K TDC

6 AALFERUER By DTG TR 2 A R A S 06 S RS R CW laser: 3 £E30G 8 VOA: T G 25 ; EDFA: #8460 5% 27 i
Kod: PC: ImdRIEHl 2%, BS: 43 4%; PM: Zh#it; DWDM: SAE 40 & FH 4% MRR: WER IR IE; WSS: % K E£JT % ; SNSPD: #

SR L HOE T TDC: I ] -507 5 6t s

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.
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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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