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A Mixed-Signal Beamforming and

Precoding Processor for mmWave Systems
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"N\ bstract

In the fifth generation mobile communication system (5G),
researchers seek more transmission bandwidth to support higher
transmission speed. However, the scarcity of the bandwidth in
lower frequency bands has made the pursuit for higher frequency
bands as an inevitable trend. Therefore, mmWave wireless
communication technologies have attracted many research
attentions in the 5G system. Moreover, the designs in algorithms
and hardware exploiting the mmWave channel characteristics will
remain a critical issue.

A millimeter wave (mmWave) communication system provides
multi-Gbps data rates in short-distance transmission. Because
millimeter waves have short wavelength, transceivers can be
composed of large antenna arrays to alleviate severe signal
attenuation. Furthermore, the link performance can be improved
by adopting precoding technology in multiple data stream
transmission. However, the complexity of radio frequency (RF)
chains increases when large antenna arrays are used in mmWave
systems. To reduce the hardware cost, the precoding circuit can
be jointly designed in both analog and digital domains to reduce
the required number of RF chains.

This paper proposes a new method of building the joint RF and
baseband precoder that reduces the computation complexity of
the original precoder reconstruction algorithm and enables highly
parallel hardware architecture. Moreover, the proposed precoder
reconstruction algorithm was designed and implemented using
TSMC 90 nm UTM CMOS technology. The proposed precoder
reconstruction processor supports the transmissions of one to
four data streams for 8 x 8 mmWave multiple-input multiple-
output systems. According to the measurement results, the
operating frequency of this chip was 118 MHz and the power
consumption was 193.6 mW when the supply voltage was 1V.
The core area of the post-layout result was about 3.94 mm2.
The proposed processor achieved 2.8 M, 3.5 M, 4.7 M, and 4.7
M channel matrices per second in four-, three-, two-, and one-
stream modes, respectively.
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In conclusion, the combination of the mmWave properties and
the beamforming technology can achieve higher throughput and
reliable transmission. It is a significant technology for the next
generation (5G) mobile communication system. Additionally,
the balance between performance and hardware complexity
remains a substantial topic in implementation. Finally, this study
implemented the first chip in the world based on the mmWave
Hybrid Beamforming algorithm. It has made a major contribution
to the future researches in the 5G system.

Fig.4 / System block diagram of the joint RF/baseband
precoding in an Nt x Nr mmWave single-user system with Ns
data streams

Fig.5 / Chip Layout Fig.6 / Beamforming technology

diagram
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