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24 GHz Long-Range Radar Transmitter Using Beam Switching
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Abstract

This paper proposes a three-dimensional 24 GHz frequency modulated continuous-wave (FMCW) radar transmitter for long-range
detection. The proposed transmitter implements seven switched vertical fan beams from 15° to —15° for high effective isotropic radiated
power (EIRP) and vertical angle detection. Instead of using lossy electronic switches and large passive beamforming networks, the
beamforming transmitter is achieved by directly switching the power amplifier, which drives a sectoral series patch array antenna. The
EIRP of each beam is approximately 48.676 dBm, and the size of the transmitter is 27.5 cm x 11 cm.
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Fig. 1. 24 GHz radar transmit board diagram.
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Fig. 2. Designed antenna.
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Fig. 3. Designed antenna elevation radiation pattern.
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Table 1. Antenna simulation result.

degree Gain
—13.2° 20.99 dBi
—9° 21.16 dBi
—45° 20.88 dBi
0° 2147 dBi
4.5° 20.87 dBi
9° 21.16 dBi
13.2° 20.98 dBi
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Fig 4. Designed antenna return loss.
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Fig. 6. (a) 3-port microstrip power divider model, (b) 4-port
microstrip power divider model.
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Fig. 7. Voltage summing circuit.
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Fig. 8. (a) Output waveform of power amplifier switched
by voltage summing circuit, (b) Output waveform

of power amplifier in turn-on sequence.
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Fig. 9. (a) Manufactured transmitting antenna board, (b)
Manufactured power amplifier control board.
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Fig. 10. Manufactured radar transmitting board.
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Fig. 11. Antenna pattern measurement environment.
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Fig. 13. Manufactured antenna normalized gain.
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