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Theoretical and simulated research on bias points optimization of

optical modulation of microwave signals on board satellite

Li Yongjun, Miao Xinping, Li Xuan, Zhao Shanghong, Li Ruixin, Liu Zhenxia
(School of Information and Navigation, Air Force Engineering University, Xi'an 710077, China)

Abstract: Optical modulation theory of DE -MZM on board satellite was studied, output optics field
expression of modulator with single input microwave signal was obtained. The analytical expression of
four key parameters including carrier to noise ratio (CNR), RF gain, noise figure (NF), spurious—free
dynamic range (SFDR) were deduced. The inter —satellite links transmission equation of microwave
photonics was built. Using simulation software of OptiSystem, simulated model of microwave photonics
links on board satellite was constructed and simulating research was performed. The simulated results
show when the bias point is set to orthogonal bias point, RF gain is optimal. CNR, NF and SFDF are
synchronously optimized when the modulator is low biased.
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Fig.1 Microwave photonics model of inter—satellite links
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Fig.2 Block diagram of link simulation
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Tab.1 Link parameters op @
Parameter Value
Frequency of RF signal w 6 GHz
Optical output power of LD P;, 50 mW
Relative intensity noise of LD Ry —-145 dB/Hz
Dark current iy 10 nA
Half—wave voltage of DE-MZM V., 4.5V
Insertion loss of DE-MZM L,,,., 4.5 dB :
. . 1.5498 1.5499 1.5500 1.5501 1.5502
Distance between satellites Z 40 000 km Wavelength/um
Antenna aperture Dy, Dy 25 cm . "
. Pl 3 7 [e) 0 2 P PR OS A it i 4]
Additional loss L,y 10 dB
Absolute temperature T 500 K Fig.3 Spectrum of OSA with different DC bias voltage
Bandwidth of optical filter B 125 GH: Ly g o _ S g N
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Detector responsivity R 0.8 A/W N o . NN
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Optical preamplifier gain G, 25 dB
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Optical preamplifier noise factor F, 3dB aniE 4 s 15 IR 0 38R SEHE KR ’ 1E
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Fig.4 Output signal and noise power versus DC bias phase
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Tab.2 Link performance of two kinds of bias point

Bias point G/dB Fy/dB CNR/dB SFDR/dB

Orthogonal bias point(6=0.5m) —-43.17 64.63  16.08 28.10
Low bias point(6=0.74w) —-45.91 62.94 17.77 29.22
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