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Design of Microwave Photonic Vector Network Analyzer Based on Optical
Sampling

Pan Lei, Ding Min, Chen Xiaoen, Chen Jianping, Wu Guiling"
State Key Laboratory of Advanced Optical Communication Systems and Networks, Shanghai Jiao Tong
University, Shanghai 200240, China

Abstract Vector network analyzer is an important measurement instrument in the fields of radio and microwave. In this
paper, we design and implement a microwave photonic vector network analyzer (MPVNA) based on optical sampling,
which uses ultrastable optical pulse trains, generated by mode-locked laser, to directly sample single tone signals via a
Mach-Zehnder modulator, and then processes the sampling data with digital signal process to obtain the scattering
parameters of the device under test. The experimental result shows that MPVNA bandwidth is 20 GHz when using an
electro-optic modulator with bandwidth of 20 GHz in the system and a larger system bandwidth can be achieved by using an
electro-optic modulator with larger bandwidth. The system dynamic range is about 60 dB and the minimum system
frequency resolution is 11. 92 Hz. Then we use this system to test the scattering (S) parameters of a bandpass filter with a
center frequency of 10 GHz and compare the test result with that of a commercial vector network analyzer. The
comparison results show that the average amplitude deviation of S,; is 0. 1241 dB and the average phase deviation of S,; is
3.6356° in the passband of the bandpass filter, which proves that the test results of the system is well consistent with that
of a commercial vector network analyzer.
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MLL: mode-locked laser; OS: optical splitter; MZM: Mach-Zehnder modulator;

SYNC: synchronization; PD: photodetector; EADC: electric analog to digital converter;
SPDT: single pole double throw; PS: power splitter; DC: directional coupler;

DUT: device under test; DSP: digital signal process

1 MPVNA JFHUE 5]
Fig. 1 Principle block diagram of MPVNA
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PM-OFS: polarization maintaining optical fiber splitter; LPF: low pass filter; DAC: digital to analog converter
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Fig. 2 Structure block diagram of MPVNA
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