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77-GHz long-range automotive radar
transceiver with false-alarm reduction
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Fig.1 > Typical applications of MMW radars.
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Fig.2 > The long-range FMCW radar system architecture.
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Abstract

Safe and comfortable driving environment are undoubtedly the main goals of automotive transportation. Radar had been
applied to vehicles to sense the range and relative speed of objects. Millimeter-wave radars are superior to other radar
technologies like ultrasonic, infrared and laser radars since they can operate well at day, night and most weather conditions.
Typical applications of MMW radars such as adaptive cruise control (ACC), stop & go functionality, blind-spot monitoring, and
collision warnings (CW) are shown in Fig.1. The short-range radar (SRR), operated at 22-29 GHz or 77-81 GHz, provides the
functions of stop & go, blind-spot monitoring and collision warnings within 30-m range. It requires fine range resolution in the
order of centimeter. The long-range radar (LRR), comparatively, operated at 76-77 GHz for longer range detection up to 150 m
is applied for ACC operation. The ACC system senses the objects’ separation and relative speed in front of vehicle in order to
keep the enough stopping distance.

With the advanced CMOS technology development, the CMOS MMW circuits become more attractive because of
its low cost and high integration characteristics. It makes the automotive radar popularize possible. Interference
will become an issue because of the increasing use of automotive radars. The more radars operate within adjacent
area will raise the false alarm rate. This will cause the ghost target detection. In this work, we present an integrated

77-GHz long-range automotive radar with mutual interference reduction. The block diagram of radar transceiver
is depicted in Fig. 2. In the system, it consists of transmitted and received antennas, integrated transceiver circuit,
low-frequency reference source and signal processing block. In this work, we design the transceiver part of this frequency-
modulated continuous-wave (FMCW) radar system with variable modulation scheme included. A fractional-N frequency
synthesizer is chosen for FMCW generation since it has the advantages of small area occupation and low power consumption
compared with direct digital frequency synthesizer (DDFS) when the fine frequency tuning is required. The variable-FMCW
modulation scheme is adopted to lower the possibility of false alarm due to the mutual interference. The modulation scheme
uses frequency hopping to shift the center frequency of the radar, change chirp bandwidth and slope of FMCW to achieve
different chirp bandwidth and time. These result in noise-like frequency response of mutual interference after signal down-
converting. The interference could be identified and the false alarm rate degrades significantly because of using this strategy.

The integrated transceiver circuit was implemented in TSMC 65-nm CMOS  fe=— - : —— : 0 Gre MG B
technology with 1P9M and the occupied silicon area is 1030pum by 940um.
After dividing-by-64, the variable-FMCW mode testing is done by using signal
analyzer. Fig. 3 illustrates the measurement result of transmitted variable-FMCW |.__| I I Y B T
signal. The total power consumption of integrated transceiver is 275 mW. i A LN I N A L (W AT WA
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the design of RFIC, RF power amplifier, LCD driver / LED driver IC, power management IC, LTPS IC, and System-in-Package
integration.
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