| Fa2% F10H/2022 £ 5 B/RFZER

EEFRIK

A L S BB R ML 3 2 0 BB PSS P W 5

= ¢1.2 h1,2" 1 1,2
FEACORECT, A SRRRX
TR YRR 5 4R B AR QI W (R 071002,
WAL S B ER GLB  WL (R 071002

TEE WS T BUR t B IR 5 2% (FDML OEO) fY 8 AR DS BLRS 2 , 17 S50 38 40 T FDML OEO 7 8 I #5% 17 1%
JEL 1A 5 B S0 S b (V) R A5 SO A 154 25 B Y AR AR B B S ST FDMIL OEO JF B3 25 T 98 U8 I8k % 2 Il 58 L 49 45
i S 5 T S R DL BCRS JEE =2 ) A9 0€ & 5 B R B FDMIL OEO A% 4k P 805 5 s i B b 2 0915 5
R 07 W88 75 1 O 4R 5 28 4 115 50 R A PR S 4. S SEER B0 E FDML OEO Hh mf i 18 I8 U 4% 2 0 55 R G I
PR3 25 5 T A DG OORS B8 22 18 09 206 2R 5 S 30 40 BT T 48 B i SR DE RS B2 %0 FDML OEO #5130 (5 51 56 1)
RO, SIS A T A — B, S5 SR R W L T R T U0 U N 0 2l D TR R, T A i 2% R R, il B o S ARE 19 D T A
T SR AR e EEL I S AR e I AT R T L A o e B I e A (1 DT A SR M 5 Sk 8 I 0 ™ E L FDML
OEO W] 52 3L dc R M FEAG B/ . % WF 90 45 31 8 524 IRAR M FDML OEO 19 & e $2 ik 1 2 Ay B R 1lips

2%,
KW CEA s BRI SR IR A TR S I P AR s AR MRS
HESES TN752 XEARER A DOI: 10.3788/A0S202242.1023001

Mode-Locked Matching Accuracy of Fourier Domain Mode-Locked
Optoelectronic Oscillator

Niu Jiaqi"?, Hao Peng"?, Wang Kai', Steve Yao X"~
' Photonics Information Innovation Center, College of Physics Science & Technology,
Hebei University, Baoding 071002, Hebei, China ;
* Hebei Provincial Center for Optical Sensing Innovations, Baoding 071002, Hebei, China

Abstract To study the mode-locked matching accuracy of the Fourier domain mode-locked optoelectronic oscillator
(FDML OEOQ), we analyze the starting process of the FDML OEO when the filter tuning period deviates from an
integral multiple of the loop round-trip time. We investigate the relationships among the FDML matching accuracy,
the open-loop gain of FDML OEQ, the half~-wave bandwidth of the tunable filter, and the frequency-swept output
bandwidth. Then, the phase noises in the beat frequency signal generated by delayed self-heterodyne (DSH) from
the output linear sweep signal of FDML OEO are used to characterize the quality of the FDML OEO output signal.
Experiments are conducted to verify the relationships among the half-wave bandwidth of the tunable filter in the
FDML OEO, the open-loop gain of the system, and the FDML matching accuracy. The influence of the matching
accuracy in the Fourier domain on the bandwidth of the radio-frequency FDML OEOQO output signal is experimentally
analyzed. The experimental results are consistent with the theoretical ones. Specifically, a larger half-wave
bandwidth of the tunable filter and a higher open-loop gain correspond to a lower requirement for FDML matching

accuracy; in contrast, a larger frequency range of the FDML output results in higher matching accuracy required. A
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more serious detuning indicates a smaller maximum f{requency sweep range that can be achieved by the FDML OEQO.

The research results provide significant technical and theoretical support for the development of the broadband

FDML OEO with low phase noise.

Key words optical devices; Fourier domain mode-locking; optoelectronic oscillator; tunable radio frequency filter;

phase noise
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LD: laser diode;

MZM: Mach-Zehnder modulator; LNA
SMF: single mode fiber;

LNA: low noise amplifier;

TBF: tunable bandpass filter
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Fig. 1 Schematic diagram of FDML OEQ, and detuning between period of TBF and loop delay time. (a) Schematic
diagram of FDML OEQO; (b) detuning between period of TBF and loop delay time
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LD: laser;

MZM: Mach-Zehnder modulator;
DCEF: dispersion compensated fiber;
OC: optical coupler;

PD: photoelectric detector;

LNA: low noise amplifier;

TBF: tunable bandpass filter;

BPF: band-pass filter;

MC: microwave coupler
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Fig. 2 Experimental device of low phase noise FDML OEO based on ring resonant RF filter
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Fig. 3 Effect of half wave bandwidth of RF fast tunable filter on mode-locked matching accuracy of FDML OEO.

(a) Measured frequency response S, of tunable filter with different half-wave bandwidth; (b) phase noise

measurement results of DSH beat signal of 50 MHz sweep signal from FDML OEO based on three different half

wave bandwidth tunable filters under condition of different mode-locked frequency deviation in Fourier domain
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matching accuracy in Fourier domain dBc

Phase noise of DSH beat signal of three different frequency scanning ranges for different mode-locked
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(a) Temporal waveform for frequency scanning bandwidth

of 400 MHz centered at 9.0 GHz; (b) frequency distribution of short-time Fourier transform; (c) phase noise of DSH signal
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