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Fig. 1. (a)—(c) Simulation analysis of the pulse shape characteristics of the three typical triangle seed pulses with different rising

edge (pulse width are 732 | 445, 215 ns) during the amplification.
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Fig. 2. Schematic of the 1550 nm linear-polarized pulsed single-frequency fiber MOPA.
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Fig. 4. (a)—(c) Comparison of the designed three typical seed pulses and the pulses amplified to the maximum energy; (d)—(f) the

pulse width as a function of pump power in main amplifier stage.
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pulses as a function of pump power in main amplifier stage.
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130 pJ linear-polarized single-frequency 12-pm-core Er/Yb
co-doped fiber amplifier based on pre-shaped seed pulse’

JIANG Peiheng V?#  SHI Chaodu"?#  FU Shijie?? TIAN Hao!?
SHENG Quan 2  SHI Wei V%! SHEN Qihao?
ZHOU Dingfu®  YAO Jianquan V2
1) (School of Precision Instrument and Optoelectronics Engineering, Tianjin University, Tianjin 300072, China)

2) (Key Laboratory of Optoelectronic Information Technology (Ministry of Education), Tiangin University, Tianjin 300072, China)

3) (Southwest Institute of Technical and Physics, Chengdu 610041, China)

( Received 29 September 2024; revised manuscript received 15 November 2024 )

Abstract

Stimulated Brillouin scattering (SBS) is the major barrier in the process of energy scaling for pulsed single-
frequency fiber master oscillator power amplifier (MOPA). Due to gain saturation effect, the laser pulse profile
will be gradually distorted with the increase of pump power, which induces steep leading edge and narrower
width for the amplified pulses. The resulting laser peak power would increase rapidly and thus the SBS
threshold is reached earlier to limit the amplification of pulse energy.

A method to obtain high-energy pulsed single-frequency laser by pulse pre-shaping is demonstrated in this
work. By designing the leading edge of the triangular pulse, optimizing its rising trend and the duration of the
low-intensity rising part, the pulse width compression phenomenon caused by gain saturation is alleviated
effectively. Thereafter, the laser peak power increase process can be retarded to reach the SBS threshold so that
higher energy can be amplified for the pulsed single-frequency fiber laser. In the experiment, when the seed
pulse is optimized to be a triangular pulse with a low-intensity rising edge of 401 ns and a pulse width of 520
ns, a linear-polarized pulse single-frequency fiber laser of 130.9 wJ is obtained in a 12-pm-core Er/Yb co-doped
polarization-maintaining fiber. The pulse width is broadened to 608 ns at the maximum energy. When it is
compared with the triangular pulse seed with a rapidly rising leading edge, its maximum energy is increased by
about 25%. The optical signal-to-noise ratio and polarization extinction ratio are measured to be 42 dB and
16 dB at the maximum pulse energy, respectively. The corresponding spectral linewidth measured by a delayed
self-heterodyne system is 542 kHz. Higher pulse energy can be anticipated by further optimizing the pulse
profile and using large-mode-are gain fibers.

Keywords: high energy pulsed laser, single-frequency fiber laser, pulse pre-shaping, stimulated Brillouin

scattering

PACS: 42.55.Wd, 42.60.Fc, 42.60.Lh DOI: 10.7498 /aps.74.20241371

CSTR: 32037.14.aps.74.20241371

* Project supported by the National Natural Science Foundation of China (Grant Nos. 62375201, 62275190, 62105240), the
National Natural Science Foundation of Tianjin, China (Grant No. 23JCQNJC01740), the Seed Foundation of Tianjin
University, China (Grant No. 2023XPD-0020), the Open Foundation of Key Laboratory of Laser Devices and Technology of
China North Industries Group Co., LTD (Grant No. QT23120019), the Taishan Industry Leading Talent Project, China
(Grant No. tscx202312163), and the Open Foundation of Key laboratory of Opto-electronic Information Technology,
Ministry of Education (Tianjin University), China (Grant No. 2024KFKT007).

# These authors contributed equally.

1 Corresponding author. E-mail: shijie fu@tju.edu.cn

1 Corresponding author. E-mail: shiwei@tju.edu.cn

024201-7


http://doi.org/10.7498/aps.74.20241371
https://cstr.cn/32037.14.aps.74.20241371
mailto:shijie_fu@tju.edu.cn
mailto:shijie_fu@tju.edu.cn
mailto:shiwei@tju.edu.cn
mailto:shiwei@tju.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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ETHFRKATEEA130 » IR MmHREM2 »ofFBEEIBA RO

Fie RE AR W AR U e ART siEs

130 . J linear—polarized single—frequency 12— p. m—core Er/Yb co—doped fiber amplifier based on pre—shaped
seed pulse

JIANG Peiheng ~ SHI Chaodu  FU Shijie  TIANHao  SHENG Quan  SHIWei  SHEN Qihao  ZHOU
Dingfu  YAO Jianquan

5 Fi{5% B Citation: Acta Physica Sinica, 74, 024201 (2025) DOI: 10.7498/aps.74.20241371

TELER L View online: https://doi.org/10.7498/aps.74.20241371

BN 2 View table of contents: http://wulixb.iphy.ac.cn

LT RO H A R

Articles you may be interested in

LT A A bk e ) 19 AR (2 8 T 4 e R AR L S SRR RO R B

High—power narrow—linewidth single—frequency pulsed fiber amplifier based on self—phase modulation suppression via sawtooth—

shaped pulses
YA, 2021, 70(21): 214202 https:/doi.org/10.7498/aps.70.20210496

FAERTT R RSB G2 O L%
Gain switched linearly polarized single—frequency pulsed fiber laser

WIFRE4. 2022, 71(19): 194204  https://doi.org/10.7498/aps.71.20220829

FEL P KA AT 523400 W RS ARSI 1
400-W single-mode single—frequency laser output from homemade tapered fiber

PFEEEAR. 2021, 70(20): 204204 hitps:/doi.ore/10.7498/aps.70.20210682

IR EEEF 16ROR M T I Bk bt &%
High—power 1.6 p m noise—like square pulse generation in an all-fiber mode—locked laser

PPz 2020, 69(16): 164202 https:/doi.org/10.7498/aps.69.20200245

T 1) 25 ) 5 | 3 5 P00 ) 2 bl 2 At B AR i W P FLBTRO o

Millihertz band low—intensity—noise single—frequency laser for space gravitational wave detection

YrH2E . 2023, 72(5): 054205  https://doi.org/10.7498/aps.72.20222127

BRSO GRS BT 1] 32800 HLOR BN B e 254

Spectral structures of backward stimulated Brillouin scattering driven by a picosecond laser

YIHE2EAR. 2021, 70(19): 195202  https://doi.org/10.7498/aps.70.20210568


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20241371
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210496
https://doi.org/10.7498/aps.71.20220829
https://doi.org/10.7498/aps.70.20210682
https://doi.org/10.7498/aps.69.20200245
https://doi.org/10.7498/aps.72.20222127
https://doi.org/10.7498/aps.70.20210568

	1 引　言
	2 三角形脉冲放大波形仿真分析
	3 实验装置
	4 结果与分析
	5 结　论
	参考文献

