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Abstract

This project presents a W-band (88.5-93.5-GHz) radar system
that can reduce the radar interferences from multiple users
operating simultaneously by combing an Extended Hyperbolic
Congruential (EHC) code and a polyphase code proposed
by Robert L. Frank (also known as Frank code) to construct a
1369-point EHC-Frank code as a radar waveform for each user.
The proposed EHC-Frank code is obtained by applying the one-
coincidence feature of the EHC code to make the Frank code,
which exhibits high auto-correlation and low cross-correlation,
feature even lower cross-correlation, thus achieving the

functionality of multi-user interference tolerance.

This radar system (see Fig. 2) includes a W-band transmitter
(TX) module, a W-band receiver (RX) module, and a digital
correlator implemented on an FPGA platform. The TX/RX
module contains a TX/RX front-end chip and an antenna
(ANT). The digital correlator performs the cross-correlation
for the EHC-Frank code. A complete W-band radar system is
formed by integrating the W-band TX and RX modules, the
digital-correlator FPGA platform, the instruments including
an arbitrary waveform generator (AWG) [acting as digital-to-
analog converters (DACs)], an oscilloscope (O-SCOPE) [acting as
analog-to-digital converters (ADCs)], and two signal generators
(PSGs) [acting as local oscillators (LOs)], and an instrument-

control computer.

The TX/RX front-end chip adopts a superheterodyne
architecture to achieve the image rejection ratio and LO
isolation level required by this radar system. The TX front-end
chip provides a 7.1-dBm output power, and the RX front-end
chip achieves a 10-dB noise figure and a -12-dBm P1dB. The
TX/RX front-end chip is realized in a 28-nm CMOS process, and
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its pad-included area is 1.44/1.31mm2. Under a 0.9-V supply,
the TX/RX front-end chip consumes 145/128mW. Moreover, the
TX/RX antenna based on a 1x3 series-fed patch architecture
is implemented on a Rogers RO4003C high-speed PCB. The
TX/RX antenna is integrated with the TX/RX front-end chip on
an FR4 PCB through a wire-bonding technology to form the
cost-effective W-band TX/RX module for over-the-air (OTA)

verifications.

It can be derived mathematically that the time-domain
correlation for the 1369-point EHC-Frank code equals the
summation of 37 37-point discrete Fourier transforms
(DFTs). Through Rader’s algorithm, the 37-point DFT can be
decomposed into a zero-frequency component and a 36-point
circular convolution, which can be realized through a 36-point
DFT, pointwise multiplication, and a 36-point inverse DFT
(IDFT). Moreover, the 36-point DFT can be realized efficiently
through the 4-point and 9-point Winograd Fourier transform
algorithms. The 36-point IDFT is realized by reusing the
36-point DFT hardware. This digital correlator is implemented
in a single-stream architecture manner on a Xilinx ZCU102
FPGA platform operating at 138MHz. The OTA experimental
results show that this radar system can achieve a distance

resolution of 3cm with a 5-GHz signal bandwidth.
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A Fig. 2 The proposed architectures of the W-band radar system, TX
and RX front-end chips, and FPGA-based digital correlator



