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Abstract A new system based on optical external modulator frequency multiplication is proposed to generate W-band

linear frequency modulated (LFM) signals for high-resolution ranging. The LFM signals from the arbitrary waveform

generator (AWG) are modulated to the sideband of the optical carrier through the optical modulator. The photoelectric

conversion is completed in the photodetector (PD) to generate quadruple frequency W-band LFM signals, whose center

frequency and bandwidth are four times the original LFM signal. This broadband LFM signal is emitted to free space for

target detection. For distance measurements, the two targets are separated by 50 cm, and the measured value is 48. 8 cm

with an error of 1.2 cm. The distance between the two objects is set to 40 cm to demonstrate the reliability of the

experiment. The measured value is 38.9 cm, and the error is 1. 1 cm. The system overcomes the “electronic bottleneck”

that is difficult to directly generate high-frequency signals in the electrical domain and achieves high-resolution ranging via

photonics-aided generation of the broadband LFM signal. Thus, the proposed method provides a solution for future

ultrahigh-resolution LFM continuous-wave radar systems.

Key words microwave photonics; radar ranging; photonics-aided frequency multiplication; linear frequency modulated

continuous wave; W band
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Fig. 1

Schematic diagram of linear frequency modulated continuous wave radar ranging. (a) Structure of LFMCW radar ranging

system; (b) frequency of transmitted and received LFM signal
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Fig. 2 Schematic diagram for Photonics-aided generation of quadruple frequency W-band LLFM signal. (a)-(d) Simplified spectra during

signal conversion
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Fig. 3 Schematic diagram for photonics-aided de-chirping.
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0SC: oscilloscope; ECL: external cavity laser; MZM: Mach-Zehnder modulator; PD: photodetector;
OC: optical coupler; FBG: fiber Bragg grating; AWG: arbitrary waveform generator; EDFA: Erbium doped fiber amplifier;
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Fig. 4 Experimental setup for photonics-aided quadruple frequency W-band LFM signal sensing and ranging. (a) MZM1 output optical

spectrum; (b) FBG output optical spectrum
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Table 1 Key device parameters in the experimental setup

Device Parameter Device Parameter
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MZM1, MZM2 K OBPF 3 dB bandwidth:0. 56 nm
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PA Gain:25dB LO Frequency:75 GHz
PD1 3 dB bandwidth:100 GHz EA Gain:31dB
. ) 3 dB bandwidth:32 GHz
PD2 3dB bandwidth:15 GHz OSC
Sample rate: 80 GHz
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Fig. 5 De-chirped echo spectrum in 50 cm ranging experiment
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Fig. 6 De-chirped echo spectrum in 40 cm ranging experiment
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