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Design and Fabrication of 24 GHz 3-Beam Scan
Antennas for ACC Applications
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Abstract

For driver's convenience, the ACC(Adaptive Cruise Control) requires a system which determines the direction
of vehicles and controls the vehicle to keep the distance among the automobiles constant. This paper describes
the microstrip array antennas designed to operate at 24 GHz, and used as a direction indicator of moving vehicles.
8x2 transmit array antenna with wide beamwidth, 8x4 receive center array antenna, and two 8x8 receive array
antennas with narrow beamwidth were designed and fabricated. Measurement results for the arrays showed that
the azimuthal beamwidth is 50° and the gain is 16.7 dBi for the transmit array antenna. For the receive array
antenna, the center, the left, and the right array antenna have beamwidths of 20°, 13°, 13° respectively, and have
gains of more than 20 dBi. The left and right array antenna have the beam tilt angle of +18°. The measured
radiation patterns showed a good agreement with the simulated patterns, and the designed array antennas are
suitable for detecting 3 directions of the vehicle within the scan angle area.
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Fig. 1. Block diagram of FMCW radar system.
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Table 1. Specification of antenna design.

Parameter Tx Array I Rx Array
Freq. Band 24 GHz ~ 24.25 GHz
Az. Beam No. 1 3
Beam overlapping _ 3 dB
level

15°, 20°, 15°
Az B idth 2° C
z. Beamwidt 5 L, C, R)
. . +18°, 0°, —18°
Beam tilt angle 0 @ C, R)
El. Beamwidth 10° 10°
Gain >> 15 dBi >> 20 dBi
Sidelobe level
(SLL) < -20 dB < ~20 dB
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Fig. 3. Structure of the single antenna and the
simulation results. (a) Structure of the
single antenna, (b) Size of the single
antenna (Lp=3.44, Wp=2.7, Ls=2.0, Ws=
0.25 unit mm), {¢) Sn, (d) The radiation
pattern at 24 GHz
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Fig. 4. Structure of the transmit and receive
array antennas and structure of the feed
line.
(a) Transmit array antenna and feed stru-
cture, (b) Receive center array antenna,
(c) Receive left array antenna
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Fig. 6. Measurement results of the final fabri-
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(a) Su, (b) Radiation patterns, (c) Radia-
tion patterns zoomed in
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Table 2. Summary of the final measurement re-

sults.
Tx Rx Rx Rx
Array | Center Left Right
Azimuth 50 20 13 13
(degrees) (52) (20) (15) (15)
Elevation 12 10 10 10
(degrees) 10) (10) (10) (10)
Gain 16.7 20.2 21.8 21.6
(dBi) (15) (20) (20) (20)
SLL B -21 -19 -18
(dB) (=20) | (=20) | (=20
Return loss max| -17 -14 -17 -15
(dB) (-10) | (~10) | (-10) | (-10)
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