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Influence of performances of APD detector on CO, concentration

error retrieved by lidar measurement

Zuo Weikang'?, Zhu Yadan'?, Qiu Min', Liu Jigiao', Chen Weibiao'

(1. Key Laboratory of Space Laser Communication and Detection Technology, Shanghai Institute of Optics and Fine Mechanics,

Chinese Academy of Science, Shanghai 201800, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Space-borne integrated path differential absorption (IPDA) lidar has been regarded as an
efficient method to measure the concentration of the global atmospheric CO, column concentration all day
long. As a key part of the lidar receiver, the performance of the photodetector has a significant influence
in the overall lidar system. Avalanche photodiode (APD) is widely used in space-borne lidar because of
its large dynamic range and high responsivity. The basic theories of the APD detector and the IPDA lidar
were briefly introduced. And taking the actual working conditions of the space -borne IPDA lidar into
account, the actual performances of an APD detector such as the detector’s responsivity, dynamic range,

linearity and the signal to noise ratio under different optical powers were tested. Then based on the
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experiment result, the influence caused by the performances of the detector on concentration inversion was

analyzed. The result shows that, when the CO, concentration is 400 ppm, and the on-line wavelength

output voltage of the APD detector is between 280 mV and 980 mV, the CO, concentration error caused

by the non-linearity and noise of the APD detector is less than 0.8 ppm.

Key words: error analysis; IPDA lidar;
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Tab.1 Basic parameters of the space-borne lidar

Paramenter Value
Orbit height/km ~700
1 572 (on/off)

Working length/nm
Emitting laser energy/mlJ 75

Repetition frequency/Hz 50(double pulse)

Emitting laser pulse width/ns ~20
Linear width/MHz ~50
Frequency stability/MHz 0.3
Telescope aperture/m 1
Detector InGaAs APD
Bandwidth of detector/MHz 2

Data acquirement 50 Mbit/s, 14 bit
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Fig.1 Schematic of amplifier circuit of the detection module
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Fig.2 Response signal of the APD detector captured by data
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Fig.5 Humidity of the atmosphere layer changed with altitude
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Fig.6 Pressure of the atmosphere layer changed with altitude
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