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Design and analysis of uitra-narrow filter of Rayleigh lidar
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Abstract: The solar background radiation seriously reduces the signal to noise ratio of the lidar detection,
and affects the detection height and accuracy of lidar system during the daytime. In order to obtain the
relevant parameters of the middle atmosphere all time, an ultra-narrow band filter used on all time
detection was developed in 355 nm wavelength of laser. First of all, an ultra-narrow band filter was
designed on all time observation with the character that the band of a single pass rate curve of FPI was
very narrow. Then, the approximate transmission function of the ultra-narrow band filter was infered, the
performance evaluation function was defined, and the design method was given. With the performance
evaluation function, the main parameters of the ultra-narrow band filter were optimized and the
parameters of each optical component were given. The signal-to-noise ratio of the ultra-narrow band filter
was increased 50 times than the 0.15 nm interference filter. Finally, the transmission rate curves of each
optical component and cascaded etalon system were calibrated through experiment. The fitting curve
shows good consistency with the experimental data.
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Tab.1 Parameters of FPI

Parameter Value
Wavelength/nm 354.73
Peak transmittance @355 nm 65%
Effective aperture/mm 50
FSR/GHz 12.5
Edge separation/GHz 4.7(2 pm)
Locking separation/GHz zi:l;]%zi’
Finesse 7
FWHM of the edge/GHz 1.786
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Fig.1 Principle of spectrum of ultra narrow band filter
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Fig.2 Rayleigh Doppler lidar receiving optical system of USTC

on all-day time
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Fig.3 Optical principle of double cascading etalons
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Tab.2 Parameters of each cascading etalon

Low resolution High resolution

etalon etalon
Center wavelength/nm 354.73 354.73
Bandwidth/pm 9.234 2.099
FSR/pm 147.743 33.578
Cavity length/pm 425.85 1873.75
Finesse 16 16
Effective aperture/mm 25 25
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Fig.9 Measured value and fitting curve of double cascading etalons

WS B 25 R T DL I e R AR A 8O 2 52 PR A R
GEIS BT AT, &6 ANIEL 9 F AN A R A
UL F IS T S B R 29 RO AR T W IEOE R
KB I A Tr Z— A7 TR A FOR Y 33.7% . I

M TARK: EEE R ARG G A RS R 4
R WL RS FE o — 2 B8 32 A A 8 D A X 23
I XL TR K AR B I 5 T P BE B 3 T

Sk

[1] Zaun N H, Weimer C, Sidorin Y, et al. Solid—etalon for the
calypso lidar receiver [C]//Earth Observing Systems IX,
2004, 5542: 141-145.

[2]  Mckay J A. Modeling of direct detection Doppler wind lidar.
I. The edge technique [J]. Applied Optics, 1998, 37 (27):
6480-6486.

[3] Rees D, Vyssogorets M, Meredith N P, et al. The Doppler
wind and temperature system of the Alomar lidar facility:
Overview and initial results [J]. Journal of Atmospheric and
Terrestrial Physics, 1996, 58(16): 1827-1842.

[4]  Wu Songhua, Song Xiaoquan, Liu Bingyi. Fraunhofer lidar
prototype in the green spectral region for atmospheric
boundary layer Observations [J]. Remote Sensing, 2013, 5
(10): 6079-6095.

[5] Han Yan, Sun Dongsong, Weng Ningquan, et al. Development
of 60 km mobile Rayleigh wind Lidar [J]. Infrared and
Laser Engineering, 2015, 44(5): 1414—1419. (in Chinese)
HRE, AN AN, H TR, SE. 60 km 7R 2 HG R XL EOE T s
WEILI]. L0805 30 TR, 2015, 44(5): 1414-1419

[6] Li Zimu, Chen Tingti, Liu Huanjia, et al. Design of ultra-
narrow filter for Rayleigh Doppler Lidar [J]. Infrared and
Laser Engineering, 2018, 47(10): 1030002. (in Chinese)

IE G A 19 BT[] 4040 5 HOE TR, 2018, 47(10): 1030002,

[71 Zheng Jun, Sun Dongsong, Dou Xiankang, et al. 60 km
Rayleigh Doppler Lidar and wind measurement [J]. Infrared
and Laser Engineering, 2016, 45(10): 1030002. (in Chinese)
KB, PhARHL, SEWEHE, AF. EE R 28 BEOLE S
ML), 2050 5 0% T A, 2016, 45(10): 1030002.

[8] Dou X K, Han Y L, Sun D S, et al. Mobile Rayleigh
Doppler Lidar for wind and temperature measurements in the
stratosphere and lower mesosphere[J]. Optics Express, 2014,
22(17): A1203-A1221.

[9] Zheng Jun, Sun Dongsong, Chen Tingdi, et al. Scanning
Rayleigh Doppler lidar for wind profiling based on non-
polarized beam splitter cube optically contacted FPI [J].
Current Optics and Photonics, 2018, 2(2): 195-202.

[10] Atherton P D, Reay N K, Ring J, et al. Tunable Fabry-Perot
filters [J]. Optical Engineering, 1931, 20(6):806—-814.

0205003-6



% 2 M

bk T2

www.irla.cn

549 %

[11] Sun Jian, Feng Yutao, Bai Qinglan, et al. Design of thermal

(12]

[13] Macleod H A. Thin-film Optical Filters

stable Fabry-Perot etalon for wind measurement [J]. Optics and
Precision Engineering, 2013, 21(5): 1167—1173. (in Chinese)
NG, 1K, W S, 5F . AR E 1 I XU Fabry —Perot
T WAk e Hopy et (9] Ot R 8 TR, 2013, 21(5):
1167-1173.

Korb C L, Gentry B M , Weng C Y. Edge technique: theory
and application to the lidar measurement of atmospheric
wind [J]. Applied Optics, 1992, 31(21): 4202-4213.

[M]. US: McGraw—

[14]

[15]

0205003-7

Holl, 1989.

Popescu Alexandru, Walther T. On the potential of faraday
anomalous dispersion optical filters as high-resolution edge
filters [J]. Laser Physics, 2005, 15(1): 55-60.

Han Yuli. Development of middle atmospheric temperature
and wind lidar for gravity wave observation [D]. Hefei:
University of Science and Technology of China, 2016: 47.
(in Chinese)

A AL A 2 ORI IR I RO Tk B R B T g i 0L
[D]. A0 b [ A2 HOR K2, 2016: 47.



