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Fig. 1. Structure diagram of laser heterodyne radiometer. DL, diode lasers; EDFA, erbium-doped fiber amplifier; DFB, distributed

feedback; PD, photodetector; Amp, Amplifier.
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Fig. 3. Schematic diagram and physical diagram of EDFA,
and power variation diagram of laser: (a) The schematic
diagram of EDFA (ISO, isolator; EDF, erbium-doped fiber;
WDM, wavelength division multiplexer); (b) the physical
diagram of EDFA; (c) laser power (red solid line), output
power of EDFA locked by automatic power control (black
solid line).
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Fig. 4. Physical picture of laser heterodyne radiometer.
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Abstract

Laser heterodyne radiometer has the advantages of low cost, small size, and high spectral resolution. It can
expand the existing ground carbon measurement network, verify satellite observation results, and provide data
coverage outside the satellite observation area. Using the existing laser heterodyne radiometer, is presented a
prototype of near-infrared laser heterodyne radiometer based on the erbium-doped fiber amplifier that can
realize local oscillator power locking. In the laser heterodyne radiometer a distributed feedback semiconductor
laser with a center wavelength of 1.603 um is used as a local oscillator light source. The erbium-doped fiber
amplifier is used to enhance the local oscillator power, and the automatic power control circuit is adopted to
lock the output optical power of the erbium-doped fiber amplifier. The baseline slope caused by the change of
the local oscillator power is eliminated, and the whole layer atmospheric transmittance spectrum without
baseline fitting is measured. The instrument performance of a highly integrated laser heterodyne radiometer
based on an erbium-doped fiber amplifier is evaluated in detail, and the atmospheric CO, transmittance
spectrum is measured in the Science Island (31.9°N, 117.2°E) of Hefei. Six groups of atmospheric CO,
transmittance spectra are obtained during the measurement period of one day, which are compared with the
simulation results from an atmospheric radiation model, showing that they are consistent with each other. The
experimental results show that the application of erbium-doped fiber amplifier can improve the performance of
laser heterodyne radiometer, optimize its structure, and provide equipment supplement for realizing unattended
long-term atmospheric CO, concentration observation and building a comprehensive carbon observation

network.
Keywords: laser heterodyne, optical design, erbium doped fiber amplifier, high resolution spectroscopy

PACS: 32.30.Bv, 42.62.Fi, 29.30.—h, 78.47.jh DOI: 10.7498 /aps.72.20230261

* Project supported by the National Natural Science Foundation of China (Grant No. 42075128) and the National Key
Research and Development Program of China (Grant No. 2022YFF1300102-1).

1 Corresponding author. E-mail: tantu@aiofm.ac.cn

093201-8


http://doi.org/10.7498/aps.72.20230261
mailto:tantu@aiofm.ac.cn
mailto:tantu@aiofm.ac.cn

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

AFRCTH R E T AN A TR Z R AT
FA FH BER I&H ENT SRV KA
Research on application of local oscillator power locking method to laser heterodyne radiometer

LiYue LiJun Xue Zheng-Yue WangJing-Jing Wang Gui-Shi  Gao Xiao-Ming  Tan Tu

5] Fi{# B Citation: Acta Physica Sinica, 72, 093201 (2023)  DOI: 10.7498/aps.72.20230261
TEZE[R]1E View online: https:/doi.org/10.7498/aps.72.2023026 1
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FRFT BRI AR I HA SCEE
Articles you may be interested in
T R HERBOCI NS SR O, HE M B M R GE I R 2 PP T 1%

Atmospheric CO, column concentration retrieval based on high resolution laser heterodyne spectra and evaluation method of system

measuring error

WIFIE4. 2020, 69(14): 144201  hitps://doi.org/10.7498/aps.69.20200125

AN 22 SRR
Simulation of wind field detection by laser heterodyne spectrometer

WFEEEAR. 2022, 71(7): 074204 hitps:/doi.org/10.7498/aps.71.20211252

LA 22 I AR T pR BT 5
Instrument line shape function of laser heterodyne spectrometer

YrH2EdR. 2019, 68(6): 064208 https://doi.org/10.7498/aps.68.20181620

FETROEH N ZEHIN BTN OO 3 I 55 B e S
Measurement and profile inversion of atmospheric N,0 absorption spectrum based on laser heterodyne detection

YrE2E 4. 2021, 70(21): 217801  https://doi.org/10.7498/aps.70.20210710

Dk GO B 1k 5 B LTANE SO I R SE B T 5 0
Design and analysis of polarization imaging lidar and short wave infrared composite optical receiving system

YIBR2A4R. 2020, 69(24): 244202  hitps://doi.org/10.7498/aps.69.20200920

JEr AU =4y ROLIDLIHOE RGBT 558
Design and experiment of light field shaping system for three—dimensional extended light source used in photoacoustic spectrometer

WIBEAEAR. 2021, 70(20): 204201 hitps://doi.org/10.7498/aps.70.20210691


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20230261
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200125
https://doi.org/10.7498/aps.71.20211252
https://doi.org/10.7498/aps.68.20181620
https://doi.org/10.7498/aps.70.20210710
https://doi.org/10.7498/aps.69.20200920
https://doi.org/10.7498/aps.70.20210691

	1 引　言
	2 仪器结构
	2.1 本振光模块
	2.2 信号光模块
	2.3 信号处理与采集模块
	2.4 电源模块

	3 仪器性能评估
	3.1 外差辐射计噪声分析
	3.2 外差辐射计稳定性测试
	3.3 外差辐射计信号的信噪比
	3.4 外差信号基线分析

	4 仪器测量结果与讨论
	5 结　论
	参考文献

