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Abstract  Silicon-nitride based microcavities are widely used integrated optical devices that are not only capable of
outputting optical frequency combs for precision ranging and optical clocks but also serve as efficient on-chip quantum light
sources. The stability of optical frequency combs in microcavities is a major condition for the practical application of these
devices. In this study, the evolution and thermal self-stability of optical combs in silicon nitride microcavities are
theoretically and experimentally investigated. Based on the nonlinear process and thermal dynamics of microcavities, the
comb evolution and thermal self-stability of an optical comb in a microcavity under different powers and detuned continuous
optical pumping are analyzed. Results show that the output of the “Turing Ring” state can be adjusted by precisely
controlling the pump power and by detuning. Moreover, the effects of noise can be compensated by resonance drift caused
by power and wavelength disturbance to achieve stable operation. This study provides a critical foundation for experiments
based on microcavity quantum sources.
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Fig. 1 Principle of microcavity optical frequency comb. (a) Optical propagation process of microcavity; (b) principle of FWM;

(c) principle of primary comb generation based on degenerate FWM; (d) principle of comb extension based on cascaded FWM;

(e) principle of sub-comb generation based on cascaded FWM

1106029-2



5B R 3

K w, o, 045 5 %R 06 5506 6
o HHOG T A ok S i iR T A I Gk i R O
FWM 52800 9% £ fit 09 7= A4 B e =074,
F 1 Ce) iz, ety EA A [ i i 32 . il 2 s N ) 26
B R FWM 3 B8 32 430 gk — 2B 9 e, &l 1
(d) 7R o PRt — LR, F R 6 78 F2 00 <8 0 i i
A A A, T o R AR A T P B A TS R AR
WmE 1e) frm .

TS N DG AR 7 2 B A 5 D PR EWML KON T
FWM 34 25 -+ 43 0§ AH 7 DT i 2% 7, B 2R it 5
(EREAN SR BT B2 b e (LR i1 5 s o (LN | SE5Y GV VA
R €, TS %o A s R A2 i R A B ) S R R IR
B AR A LA R A A VC B 5 1, DT FWM 3 25
IRB A . P 0 G RCELRE AORE T OR 7T A8 ) A =X
BRI, DAL IHORS B 152 T IS 55 =X 0 O S B 9l O AR
114 K i
2.2 MBEXMAAEIREE

R A ' A A T A ) B AR R T By 2 R —
e BT B A, 5 — M & Lugiato-Lefever J5 ##
(LLE)™, Aoy A 0 LR A& B B 8 o LAl 3l 1
AR S T A S R B A 1 b R IR A R A
SR, TE R RO 2 1 iR 3% B AE R €/ T T A A R
H T G AU T i 48 R S R B, B O
B R A5 AU AN 3 A T8 A 300 18 K 285 R0 B Al 1 1l s
AL . LLE A< 57 J2 4 i o6 7E 38 2 M 4 84 ot b 1%
B ARk e v R LA S T MBS &
14 B S AT AL B i AR A S — A B R AT 5 D
it BT AR B Ry T s, I LLE
T3 A SR AR Gl s P AR LB b A L R . AR R
B LA b S LLE #om A

VOA rew ey
-

F 6055 11H1/2023 F 6 B/BAERBEFEHRHRE

IE(t,7) . B.L IE(¢,7)
+1
ar 2 ar’
—(a+i0,)E(t.,7)+VO E,, (1)

ol R B IR ] E (2, o) R O 37 19 8 7
BI04, ¢ o 3 ) B (8], o R 63 1 12 AR B[] s o
LR RAE 0, WML SR IR K88 =
Br i R 8y M R AR R B L AR K 0
A RBBGE, N1 MRS, N E X
Uk LLE R e A i 5 N B9 A% o AR op, A 4%
HH IR AN AT i A A T — 2 50 R B A 56 1Y)
A, N (DATIEH,LLE X E T Ao ©
WA AR M ST R A B E . XA R
B He Al g, BT LA ZE IS X B X LLE #4748 18, 6] 40 -
Lau 5" 2% & ik bR B = B (o . A BEY L 28+
W2 WS Rl 2 L 7 B E AT T e . Chembo A
BAJE T LLE X B e M i 47 T PR 55, WF 8 0 %
S8 B0 IE B €0 O Hh B R S AL e R 0 AT DL
X IR R R i A B ) B A AT
2.3 SALEEREE YR A0 L I8 K

DU ) A s 5 T R A A L, R 3l AR 54
Uk 55 o 820 nm \EE R 2 pm, AbF X ],
FSR #1105 GHzo XU A 2847 06385 74 S ik, o
R R & 2 s R T 4 AR (BS) LLUAE [A] B
NS i N g S BRI OGE IO A 0 % A o A 1550 nm
AL SEOG S (NKT ADJUSTIK E15, 48 %5 <2100 Hz)
BT SO0 A, WA U 1 S k5 B 2
1. 15 mW. R T G $RL N 9 5% M, 0 R B B 2R 2R 3
H (50 W) 3 4 0 3 Bl Fs 10 35 S % 35 6 2 B Ok B
RIS AR 2L R HL A A RN S G2 IS, n 5] 3 (a) BT
TN o W IR 2K HLA TN AR SRS I 2R 5 20 R 18. 7 MHz,
XN QIH 2R 107,

R

—iyL|E(, )| E(2,1)=

CW laser: continuous wave laser; SG: signal generator; VOA: variable optical attenuator; PC: polarization
controller; MRR: microring resonator; PD: photodetector; OSA: optical spectral analyzer; OSC: oscilloscope

K2 FACRE R LSRRI R 5t

Fig. 2 Silicon nitride microcavity optical frequency comb test system

e BE LR 18 17 59 U8 IR AT o TR 306 1
5RO DG TR G R 8, B 8 AT A 0 2 % R R e M e
FORER W o O T 7 LI BRGNS (O B4 AL i R
TR LA b (1.6 mW ) 25 3 't I 4t Bl 7 ) 38 R At
A BE W R T AL, BEE O A RO 3 /) E)
KA o Bl O 0 0 22 M08/ | 0 PN O D) R 2 4

(125 55 2 3 1 W A I B2 15 A D) 3B E LE ), A ] 3 ()
JIE /IS o R R FEE W P ) AR T g T R
A i 28 ORI AT S A AR AL 2 R O IE AR RER
BOBIRPAS LIRS o A W0 v 2230 't P ORI IR I
PV T A A A B i RO IR B IS A, SRR Y
R /DN WER RN F i, M N B R OR ke B A B

1106029-3



5B 3R 3L E 605 1158/2023F 6 B/ BAEHEFEHER
® ® ® @ @
1LOF , : ‘ w
8 i ‘
g 08F :
£ | lus
£06 £
2 o4
Goaf £
o2f &,
. i , Time /s s I| i ' iy !
0™ 2 4 6 8 10
Time /s
(b) A; o)
N/ ® @\ﬂ/@
e ™ Y ||
T 1
’10 'ln
(©)
@
G ™
off-resonance
1 1
A ln

0

P 3 R ik Aol e A1 A% i D00 X5 3 2 AT o () T T 43 4 2 R 99 ol A% i 33 (AR 2T 2 50 W 2R3 Bl 1 £ i ) 5 (b) s ol 3
B R AR P I RCIR S 5 (o) BB B A B2 I ) AR LIRS

Fig. 3 Wavelength scanning transmission test and detuning analysis of silicon nitride microcavity. (a) Microcavity transmission

spectrum during forward scanning(inset: transmission spectrum of microcavity with 50 pW pump); (b) resonance state in the

process of power increase in microcavity; (¢) non-resonant state of microcavity after power jump
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Fig. 4 Optical frequency comb spectral characterizations in silicon nitride microcavity. (a) Spectrogram without sideband; (b) primary

sideband spectrogram; (c) spectrum of “Turing Ring” states produced in the late second stage; (d) spectrum of “Turing Ring”

states produced in the third stage; (e) spectral diagram of chaotic states generated by high power pumping
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Fig.5 Distribution and resonant states of equilibrium solutions. (a) Distribution of three equilibrium solutions; (b), (¢), and (d) are the

cavity real-time resonant states corresponding to the warm cavity stable solution, warm cavity unstable solution, and cold cavity

stable solution, respectively.
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Fig. 6 Disturbance test of thermal self-stability of microcavity
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