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Low-Cost 24 GHz Radar Fabricated on FR-4 PCB
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Abstract

In this study, a 24-GHz frequency modulated continuous wave(FMCW) radar system was designed on an FR-4 board to demonstrate
the feasibility of low-cost radar systems. As the FR-4 substrate has a large substrate loss, its thickness was carefully determined consi-
dering line loss and radiation efficiency. Additionally, to operate the radar chip in the industrial scientific and medical(ISM) band without
using a phase locked loop(PLL), we superposed and used the triangular wave signal of the DAC and proportional to absolute temperature
(PTAT) voltages as a VCO tuning voltage. The designed radar has an operating frequency range of 24.02~24.25 GHz, output power
of 4 dBm, a total receiver voltage gain of 66 dB, and an antenna gain of 9 dBi. The RF and MCU boards both use FR-4, and the
size of the radar module is 4 cmx4.5 cm.
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Fig. 1. 24 GHz FMCW radar diagram.
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Table 1. Simulation results of transmission line loss and single
patch antenna efficiency.

Microstrip line loss (5 mm) Single patch antenna
Thickness Insertion loss Gain Efficiency
0.2 mm —0.36 dB 3 dBi 37 %
0.4 mm —04 dB 5 dBi 57 %
0.6 mm —042 dB 6 dBi 68 %
0.8 mm —044 dB 6.5 dBi 76 %
1.0 mm —0.51 dB 7 dBi 88 %
1.2 mm —0.58 dB 6.8 dBi 89 %
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Fig. 5. Impedance matching process and results.
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