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77 GHz Radar Transceiver with Horn Antenna on FR-4 PCB
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Abstract

In this study, we propose a 77 GHz radar transceiver implemented on an FR-4 substrate driving a horn antenna. The self-developed
CMOS transmitter and receiver chips with on-chip feeders are used as active components. Instead of conventional metal cavity
packaging, three FR-4 substrates were stacked to form a cavity and aperture to drive the WR-10 horn antenna. Three-dimensional
electromagnetic simulation for FR-4 packaging confirms that the insertion loss from the chip to the waveguide aperture was 1.62 dB
and the return loss from the waveguide aperture was less than —10 dB from 75 to 80 GHz. With a homn antenna of 24 dBi gain,
a medium-sized vehicle located 81 m in front was detected, and the measured SNR was 28 dB. The proposed radar transceiver consumes
a total of 371 mW DC power, and its size is 50 mmx80 mmx4.2 mm.
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Fig. 1. Waveguide transition structure using metal jig".
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Fig. 2. Waveguide transition structure using FR-4 PCB.
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Fig. 5. FMCW radar system architecture.
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Fig. 8. Out-door range detection measurement results.

Span 600.0 kHz
VBW 1.0 kHz Sweep 38.60 ms (1001 pts)

x4 th3t IF 29 EH

o
ol

.—E =51 o o
i ot
1o
4

oo,

FAA IF Fabpe] wsts ddsto] Ay
=4 4345 HoFd 1 43, 81 m] HXl
7¢]E —435 dBm®E SNR 28 dBE &
A AR otk WA A ()l $
339 p, $249 pe WYL,
S8 Y 015 G, <1 24 dBi, A & 81

]
=
rlo

o r\zl ¥ o [
e
o
N
)
0,
¥
>,

o3t
>

mE Y3t ALtetH —437 dBmoE, 4% 33 A
A A ADE] gAY golg: gx Ayt
Tl S48 etk Sa7E0) 12 dB gAadE, ©F
HFEFO 2 162 mol T3 A5 SNR 16 dBY RS ¢
el AR GA} bedE EAt
PGGXNo
"R M

& QHIVUE FE38tE FR4 el 77 GHz #lo|tt EAAH

V.2

B =RMs ZEHUE 58 4 = FR4 7|
of F+&gt 77 GHz #lo|tt RES A|teta, AAl Sotel
Lhol 2HA A ZFeE glojth 1S SEste] 14 S gAY
o2 A7t H7|A o] H5EE AEEA

References

[1] Y. Kawano, T. Suzuki, M. Sato, T. Hirose, and K.
Joshin, "A 77 GHz transceiver in 90 nm CMOS," in
Proceedings of the IEEE International Solid-State Cir-
cuits Conference, San Francisco, CA, Feb. 2009, pp.
310-311, 31la.

[2] J. Hatch, A. Topak, R. Schnabel, T. Zwick, R. Weigel,
and C. Waldschmidt, "Millimeter-wave technology for
automotive radar sensors in the 77 GHz frequency band,"
IEEE Transactions on Microwave Theory and Techni-
ques, vol. 60, no. 3, pp. 845-560, Mar. 2012.

[3] O. Kwon, C. Cui, J. Kim, J. Park, R. Song, and B. Kim,
"A compact integration of a 77 GHz FMCW radar
system using CMOS transmitter and receiver adopting
on-chip monopole feeder," IEEE Access, vol. 7, pp. 6746-
6757, 2019.

[4] C. Cui, S. K. Kim, R. Song, J. H. Song, S. Nam, and
B. S. Kim, "A 77-GHz FMCW radar system using
on-chip waveguide feeders in 65-nm CMOS," [EEE
Transactions on Microwave Theory and Techniques, vol.
63, no. 11, pp. 3736-3746, Nov. 2015.

[5]1 J. S. Kim, H. J. Kim, M. G. Shin, J. H. Park, O. Y.
Kwon, and R. Song, et al., "79 GHz active array FMCW
radar system on low-cost FR-4 substrates," IEEE Access,
to be published. doi: 10.1109/ACCESS.2020.3039513

[6] M. 1. Skolnik, Introduction to Radar System, 3rd ed.
New York, YK, McGraw-Hill, 2001.

993



