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Fig. 1. Schematic diagram of the experimental system: TL - tunable laser; VA - variable attenuator; PC — polarization controller;

FC - fiber coupler; PM - power meter; OC — optical circulator; AWG — arbitrary waveform generator; EA — electric amplifier;

DC - direct current; VCSEL - vertical-cavity surface-emitting laser; OFP — optical fiber polarizer; EDFA — erbium-doped fiber amp-

lifier; PD — photo-detector; ESA - spectrum analyzer; DSO - digital storage oscilloscope; OSA — optical spectrum analyzer. Solid

line — optical path; dashed line — electronic path.
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Fig. 2. (a) Polarization-resolved P-I curve; (b) optical spectrum of the free-running 1550 nm-VCSEL biased at 6.4 mA; (c) optical

spectrum of the free-running 1550 nm-VCSEL biased at 6.8 mA.
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Fig. 3. Pulsed waveforms in different time windows generated by AWG (al)—(a2), time series (bl) and optical spectrum (b2) of

pulsed current-modulated VCSEL, time series (c1) and optical spectrum (c2) of pulsed current-modulated VCSEL under optical in-

jection with P, = 18.82 uW and \; = 1551.8570.
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Fig. 4. Evolution of the bandwidth (a) and CNR (b) as a function of the injection light wavelength for the pulsed current modula-
tion VCSEL at P, = 18.82 pW, V,, = 10.5 V, f, = 0.5 GHz, 7¢e. = 200 ps.
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Fig. 6. Output from the VCSEL under optical injection and pulse current modulation with P, = 18.82 pW, V,, = 10.5 V, 7. =

125 ps and different f,,.
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Broadband and tunable optical frequency comb based on
1550 nm verticalcavity surface-emitting laser under
pulsed current modulation and optical injection”
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Abstract

Optical frequency combs (OFCs) each consist of a set of equally spaced discrete frequency components, and
they have been widely applied to many fields such as metrology, optical arbitrary waveform generation,
spectroscopy, optical communication, and THz generation. In this work, we propose a scheme for generating
broadband and tunable OFCs based on a 1550 nm vertical-cavity surface-emitting laser (VCSEL) under pulsed
current modulation and optical injection. Firstly, a pulsed electrical signal is utilized to drive a 1550 nm-VCSEL
into the gain-switching state with a broad noisy spectrum. Next, a continuous optical wave is further introduced
for generating broadband and tunable OFC. Under injection light with power of 18.82 uW and wavelength of
1551.8570 nm, and pulsed electrical signal with a frequency of 0.5 GHz and pulse width of 200 ps, an OFC with
a bandwidth of 82.5 GHz and CNR of 35 dB is experimentally acquired, and the single sideband phase noise at
the 0.5 GHz reaches —123.3 dBc/Hz at 10 kHz. Moreover, the influences of injection light wavelength, frequency
and width of pulse electrical signal on the performance of generated OFC are investigated. The experimental
results show that OFCs with different comb spacings can be obtained by varying the frequency of pulsed
electrical signal. For the frequency of pulsed current signal varying in a range of 0.25 GHz-3 GHz, the
bandwidth of generated OFCs can exceed 60 GHz through selecting optimized injection optical wavelength and

width of pulse electrical signal.

Keywords: optical frequency comb (OFC), vertical-cavity surface-emitting laser (VCSEL), current modulation,

optical injection

PACS: 42.65.—k, 42.55.Px, 42.60.Fc DOI: 10.7498/aps.72.20221709

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61775184, 61875167).

1 Corresponding author. E-mail: ggqxia@swu.edu.cn

014207-9


http://doi.org/10.7498/aps.72.20221709
mailto:gqxia@swu.edu.cn
mailto:gqxia@swu.edu.cn
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

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

FH TN TRk IR IAHI 1550 nm FEE T A M BGRB8 1 7T WL 2R

WA HA RER HEE MR OLF

Broadband and tunable optical frequency comb based on 1550nm verticalcavity surface—emitting laser under
pulsed current modulation and optical injection

Zhang Jun-Hui  FanLi WuZheng-Mao Gou Chen-Hao LuoYang Xia Guang-Qiong

5] Fi{i5 &, Citation: Acta Physica Sinica, 72, 014207 (2023) DOI: 10.7498/aps.72.20221709
TELR T2 View online: https://doi.org/10.7498/aps.72.20221709
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

F TP IESC AR 1550 nmafie B I A SHBOGA SRR 2 R LA

Multi—channel physical random number generation based on two orthogonally mutually coupled 1550 nm vertical—cavity surface—

emitting lasers

YIBR2A4R. 2018, 67(2): 024204  https://doi.org/10.7498/aps.67.20171902

BET A AR B T A SHEOEA RS Kk
Key distribution based on unidirectional injection of vertical cavity surface emitting laser system

YrHE2A 4. 2018, 67(20): 204202  hitps://doi.org/10.7498/aps.67.20181038

75 850 nmE EL I I A SHEOCA AL B 5 AMEAE K
Optimized design and epitaxy growth of high speed 850 nm vertical—cavity surface—emitting lasers
YIHEEHL. 2018, 67(10): 104205 https:/doi.org/10.7498/aps.67.20172550

940 nm 3 ELIE A0 CAS BT R il 4
Design and fabrication of 940 nm vertical—cavity surface—emitting lasers

WIFEAEA. 2019, 68(6): 064207  hitps://doi.org/10.7498/aps.68.20181822

1550 nm e L JFETH & S HOG & BORHE S 1 BE IR 1028 1
Temperature dependence of characteristic parameters of 1550 nm vertical—cavity surface—emitting laser

YIBR2FA. 2018, 67(21): 214203 htips://doi.org/10.7498/aps.67.20180572

1550 nmZ& FLA AR AR TR 1 11 11 A 5~ SR SO A%

1550-nm vertical—cavity surface—emitting laser with single—mode power of milliwatts

PFEEEAR. 2022, 71(6): 064204  hitps:/doi.org/10.7498/aps.71.20212132


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221709
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20171902
https://doi.org/10.7498/aps.67.20181038
https://doi.org/10.7498/aps.67.20172550
https://doi.org/10.7498/aps.68.20181822
https://doi.org/10.7498/aps.67.20180572
https://doi.org/10.7498/aps.71.20212132

