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Cruise 5G-Intelligent Future: A Single Carrier mmW 10 Gbps Throughput Rate Wireless
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In order to meet the explosive growth of communication
data rate demand in the scenario of future post-5th genera-
fion applications, the milimeter wave (mmW) is a key
technology, which provides a wider transmission bandwidth
and tens of Gbps data rate. Currently, International Telecom-
munication Union (ITU) has announced a global mmW band
list of 24 GHz to 86 GHz, however, the recent research focus-
es on the band below 40 GHz. Therefore, this work target on
the 66-76 GHz and 81-86 GHz band to achieve a higher
fransmission rate.

Fig.1 is the application scenario diagram of the proposed
baseband fransceiver chip. The target is to construct a 3D
space communication network which is composed of immobile
base stafions and unmanned vehicles. Through the 60 GHz
mmWave high-speed wireless communicatfion technique
and implemented chip, combining with multi-sfream phase
array antenna, a high efficiency 60 GHz transceiver IC is
developed. Finally, with the help of 4G Cellular, Wi-Fi, Drone,
and optical core network, a wide bandwidth and low latency
smart network structure is able to be extensively constructed.
The block diagram of the expected mmWave transceiver IC
is as Fig.2. In order to expand the mmWave frequency band
and extend to other specs, we adopt modularized design
and integrate control circuits to all hardware architectures
to accomplish a more flexible mmWave wireless transceiver
system. For the sake of modularization, IP design concepts are
adopted atf RTL section, with flexible word length, parallelism,
and pipeline stages of registers... etc. Eventually, we take
advantage of control circuits and arbiters to complete whole
circuit functions.

The chip design for the wireless digital baseband fransceiver
is based on the parameters and frame structure specified by
the 60 GHz IEEE 802.11ad/ay standard. The proposed design
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adopfts the single carrier (SC) fransmission mode with a
target tfransmission data rate of 10Gbps, and a chip rate of
the digital baseband circuit increased from 1.76 GHz to 2.5
GHz. The overall architecture including the outer fransceiver
and the inner transceiver system does not only can
compensate and eliminate the non-ideal effect in the 60-86
GHz environment, but it can also use the encoder and decoder
for error correction to furtherimprove the baseband transceiver
performance. Furthermore, the chip performance can meet
the specifications when operating at the data rate is 10
Ghbps.

The baseband circuit has been implemented using a 28 nm
process. The overall system includes a digital-to-analog and
an analog-to-digital converter to reduce the required
inferconnections. In addition, the synchronization issue in the
interface between the media access control (MAC) layer
and the DAC/ADC has been also considered. The overall
digital baseband circuit uses four fimes parallelism with the
highest digital clock frequency of 625 MHz. Finally, the
ADVANTEST V23000 PS1600 automatic test system was used
atf the Taiwan Semiconductor Research Center to verify the
correct functionality. The entire system verification uses an
infegrated printed circuit board (PCB) and NI Prototype
platform for testing. The MAC layer, analog circuit, and
front-end circuit can be added together for performance
verification in the mmW environment. With regard to the
extensibility of this system, the baseband architecture can
be increased to 64-QAM and eight times parallelism, making
it easy to achieve 30 Gbps fransmission data rate.
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