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Impact of photodetector’s nonlinear response on coherent laser

Doppler speedometer

Fan Zhe, Zhang Chunxi, Niu Yanxiong, Sun Xuyin, Luo Na, Pan Jianye

(School of Instrumentation Science and Optoelectronics Engineering, Beihang University, Beijing 100191, China)

Abstract: Photodetector is an important part of coherent laser Doppler speedometer, and the optical
intensity response of which has a great impact on the system’s signal—-to—noise ratio (SNR). In order to
improve the detection performance, the impact of photodetector’s nonlinear response on the laser Doppler
speedometer was studied. The response function was deduced by using polynomial analysis. The output
voltage waveform under nonlinear response was compared with that under linear response, theoretically
demonstrating the impact of photodetector’ s nonlinear response on the SNR of the system. Comparison
experiments indicate that through the suppression of the nonlinear response, the SNR raises from 16 dB to
35dB, which results in the correction of the analysis.
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Fig.1 System diagram of the coherent laser Doppler speedometer
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Tab.1 System parameters used for

numerical simulations

System parameter Value
Doppler frequency/MHz 1
Sample rate/MHz 10
LO power/pW 70
Signal power/ W 1
FFT point 16 384
Coefficient of linear fitting S;/V —1.092 94
Coefticient of linear fitting S,,/(V/puW) 0.023 37
Coefficient of 2nd order polynomial fitting Sx/V -1.7019
Coefficient of 2nd order polynomial fitting S (V/LW) 0.054 34

Coefficient of 2nd order polynomial fitting Su(V/LW?)  —3.096 63e—4
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Fig.2 Response curve of the photodetector

90

2

o]

2 70

o

~
50 -5 =) =
10x 10 0.8x10 1.6 x 10

Time/s

P 3 HBUE 5 i A BB
Fig.3 Input beat signal

-1

w
(=3
=4

N

W

f=}
T

[
(=4
(=}

Power spectral density/uW + MHz
v
(=}

100+
50
0 N .
0 1 2 3 4 5
Frequency/MHZ

P A ek 0 ol 28R fa A5 S O A0S
Fig.4 Output waveform and spectral under the linear fitted

response curve
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Tab.2 Key component of the system

Key component Parameter Value
Laser source Wavelength/nm 1550
Power/mW 15
Linewidth/kHz 1
PD Bandwidth/MHz 35
Resistance/k() 40
Noise level/mV 0.26
Circulator Directivity/dB 60
Optical antenna Lens diameter/mm 2.3
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Fig.5 Output waveform and spectral under the 2nd order

polynomial fitted response curve
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Fig.6 Output spectral when nonlinear response exists
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Fig.7 Output spectral after nonlinear response is suppressed
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