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Design of waveguide optical phased array ladar receiving system

Wu Chao, Liu Chunbo, Han Xiang'e
(School of Physics and Optoelectronic Engineering, Xidian University, Xi’an 710071, China)

Abstract: According to the characteristics of high speed scanning of laser beam of the optical waveguide
phased array, a staring single aperture, direct detection of the receiving system was designed with a linear
APD array for target detection and target location. Considering the structure characteristics of the linear
APD array and the demand of target detection, the micro lens array (MLA)was used to reduce the light
loss, improve the receiving signal-to-noise ratio(SNR) in design scheme. Based on the ladar equation and
considering of the influence of background noise, the influence of the received angle of view on signal-
to-noise ratio was calculated and analyzed, the method of target location(Angle) based on single aperture
receiving system with the linear APD array was analyzed. The results showed that increasing the pixel
number of an APD array, namely reducing the field of view of the APD pixel, could improve the output
SNR of the detection system, and improve the target location accuracy at the same time when the field of
view of the optical receiving system is fixed. On this basis, considering of the demand of detection range,
signal-to-noise ratio, and target location accuracy, the size of the detector array and the receive field of
view are chosen. Finally, the performance of the design receiving system has carried on the
comprehensive analysis and calculation, the indicators met the design requirements of the system.
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Fig.1 Structure diagram of optical waveguide array electro-optic

scanner
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Fig.2 Block diagram of receiving detection system
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Fig.3 Schematic diagram of receiving detection system with micro

lens arrays and APD arrays
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Tab.1 Structure parameters of 16x1 APD arrays

Name Value/pm
Lateral size/a 405
Period/b 500
Longitudinal size/c 1000
Clearance of APD/g 95
Lateral pixels total size of 16x1APD arrays 8000

%2 RE#IE280 V,16x1 APD FEF B F 5%
Tab.2 Electronics parameters of reverse bias

voltage 280 V and of 16x1 APD arrays

Name Value/pm
Multiplication/M 100
Responsibility/R 25 A/M

Dark current per element//, 2 nA

Internal resistance/R; 1kQ
Bandwidth/Af 100 MHz

Temperature/T 296 K
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Fig.4 Schematic diagram of optical receiving system
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Tab.3 Parameters of AlGaAs waveguide phased

array laser radar system

Parameter Value
Wavelength A/pm 1.06
Divergence angle 6/mrad 14
Light transmittance of optical waveguide chip m 0.4
Transmittance of optical transmitting system 7, 0.9
Transmittance of atmospheric 7, 0.8
Target reflectivity p 0.9
Transmittance of optical receiving system 7, 0.9
Bandwidth of narrow-band filter AA/nm 10
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Fig.5 Curve of signal-to-noise ratio with the detection bandwidth

ME 5 Al LU K A=1.06 wm , & 53
Z P=30 kW, W RS W FL1E D=11.43 mm , 0 #H
B R,=1km I 50 5717 98 Af=100 MHz , #£ 06
R0 0,=20°0F (15 M L IR & R THEBORS
RGEMG AN 0,=28.1°0F (5 M LL, 247 I8k R iy

A 8mmx1 mm; iz AR (B8)~(12) X £ 3 WEH, 1T
BRI IR SR HERE N 6 BTN

100
4=1.06 pm
80 P=30kW
D,=11.43 mm

601

SNR/dB

40t

20F

=28.1°
L, , (2783km[0dB) T
0 05 10 15 20 25 30 35 4.0
R,/km

0

Pl 6 M L BE TR I B 1 8 A th 22

Fig.6 Curve of signal-to-noise ratio with the detection range
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