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Low Phase Noise Microwave Signal Generation Based on Soliton
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Abstract Integration and low phase noise are the inevitable trend and practical basis for the development of microwave
signal sources. The highly coherent soliton frequency combs in microresonators provide an effective technical approach for
the generation of new integrated low-phase noise microwave signals. In this paper, the stable generation and coherent beat
frequency of soliton mode-locked frequency comb are realized based on a high-quality magnesium fluoride crystal microdisk
cavity. Finally, 15.38 GHz microwave signal with the phase noise of —120 dBc/Hz@10 kHz is obtained, which shows

the application advantages of miniaturization and low phase noise. It will provide an important technical support for the

development of integrated high-performance microwave signal sources in the future.
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Fig. 1 Principle of low phase noise microwave signal

generation based on soliton frequency comb in MgF,

microresonator
IE(1,7) o B (. a2\
by, :I:—a—lg()+llc;/€! 5 +
ily|E|"| X E+ V0 E,, (1)

A 1 G VR BT B U AL B — B A B[R] 5 o AT O
53 50 A FRAR B TR T S AR PR RE AR B R AL LR Rk
BE IR 1 T 5 00 Sl 258 3 A1 38 5 V4 I 0 R A5 =X 2 T 1Y)
RS 5 8, Fly 43 531 Sk 60k 56 B0 1 585 e A €0 T8 3R 50N
SRR LM REG E BRI s AN 4
PRELIY ML B E (1, 0) MRLBE IR PO a4 .

ETLLE FBREBEASHSH, POt Rl R
P, =|E,| = 200 mW , 3% 7& AL EE s b 15 4% — A
(B8] 2, = 65 fs, A BE SO 1) B AR P2 FE 3R BRI &
ZHW R a=0=1.75X 10", FALEMERK L=
14 mm, FUAkBE G B (B R B s IR E R R K
Sk B, =—13ps’skm 'Hl y=10*W 'em ', Bk
75 T AR R AR PR AR 2 [) Y R i 00, TE AT
T3 E R TR0 % T A A T O R AR 2 e 2 R
R 2E A 212 350 1 3k b 60 A B TR 5 IR DY A A
MR 2 D7 T PR AR R MO AR (LG R
TR ARE ) 1 I AR Y M0 A 1 i Ak, an ] 2 () s,
rf T TR TIT &1 43 00 3% s 98040 B i FE A L Uk A AR it
ORIV VI 53 0 7R AL B il 2 i1
AT AN BT AR S 1 6

AU B T s IR A Y A AR ) 7 A AN AU T o
IRARER M 5 RCH L S 1 15 S U B0RE 1 B EE
i 6 E L 2(b) 1, 380 7 22 o A Z8 W Y AR E A 21 2k 0
DX 35 P T 5 R R s A Y AOR R Tl A R
I, Z 3T 6 AR A R 3 B ) T T A B A R Tk
0 R 37 N ) (2498 1 ps~0. 1 ms) , LAARSIE 9804k 5 1k
Ji Y05 JEE 42 30 - A R S I A O AR BB 8 A RO Y & A
T B X R A G SRS A A A 1 AR B AT A
B AE 3R G2 TCAT o] 32 2 A0 R 5t 09 45 44 AT LA R AR
B AT, X B E R T IR F 6 AR A A SRR A AL

2007001-2



2 42 % 5§ 20 H1/2022 £ 10 B /F 2B

L 2Ce) T, i P91 2 D) 30 9 2% il 78 A 8 28 il A 00l 2k
WA PN I i, 24 O e AR S i, P23 i A
B R AR LA RS DR B T R O S IR A 2

SRR AR O BRRE , e 2l AT A B BRI T e B AR
REFREE B ITIRAS

(2) Modulation instability comb Dissipative Kerr soliton comb
g I 0| I v v
2 |
g
g ’ | ‘ ‘ ’ lh ‘ I “

l | I I 1 I l Il
Wavelength

(b]))ispersion L : © Blue detuning  Red detuning
2| versus i - <«
= nonlinearity Loss ; zo&‘\
g i 2 SRS Soliton
) 2 &
g i~ > <° component
= E ¥ upper branch
) <
= El i

E g
Cibackeround CW component lower branch

Time

Wavelength

P2 S B Bl I AR D 11 3 1 A B AT ) 77 A 2% AR AR LD o (o) S 3 AL P 5 () IIT 77 2 251 5 (o) 7 BURL S ALK

Fig. 2

Spectral evolution of optical frequency comb and soliton generation conditions and stabilization mechanism in MgF,

microresonator. (a) Spectral evolution; (b) generation conditions of soliton; (¢) bistable mechanism of soliton
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Fig. 3

Time and radio frequency (RF) domain evolutions corresponding to spectral evolution of MgF, microresonator. (a) Time

domain evolution; (b) RF frequency domain evolution
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OSA: optical spectrum analyzer; OSC: oscilloscope; ESA: electric spectrum analyzer;
FBG: narrow band fiber Bragg grating; PC: optical fiber polarization controller;
OBPF: optical bandpass filter; EDFA: erbium doped fiber amplifier;

AFG: arbitrary function generator; PD: photodetector

P4 BE T A B B IR D 3 At ) AR A R B0 1 5 77 A S 30 T R 1A
Fig. 4 Experimental scheme of low phase noise microwave signal generation based on soliton optical frequency comb in MgF,

microresonator
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Fig. 5

Morphology and Q value of MgF, microresonator. (a) MgF, microresonator morphology; (b) ring-down waveform and Q

measurement
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Soliton steps, sweep parameters, and soliton comb of MgF, microresonator. (a) Soliton steps; (b) sweep speed and sweep

range of pump laser; (¢) measured results of soliton comb in 100 nm and 10 nm ranges
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