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"N\ bstract

In this information age, human interface devices such as display
screens and speakers increases with the ever growing amount
of information consumed. Conventionally, these devices are
connected together by cables which can be ugly and clumsy,
even causing trip hazards. Do you wish there is a better way to
transmit this ever growing amount of information? High speed
wireless communications is the answer!

By using the 60GHz transmission band, we can achieve higher
transmission rate because of the wider available bandwidth,
however this high transmission band is accompanied with
other problems. The IEEE standards for 60GHz band(ie. IEEE
802.15.3c and IEEE 802.11ad) provides for more than 1Gbps data
throughput for links within 10 meters in distance. Both standards
cover two modes of transmission, which are Single Carrier (SC)
and Orthogonal Frequency Division Multiplexing (OFDM). The
maximum tolerable non-ideal channel effects stated in these two
standards are used as design criterions in this work. By doing so,
we meet the requirements of both standards with just a single set
of hardware. Our design is a standard-cell based implementation
of a baseband receiver that thoroughly compensates the non-
ideal channel effects, therefore reducing the system bit error rate
while maintaining compatibility between both standards and
both transmission modes (ie. a total of 4 types of transmission).
The architecture of our design is deeply pipelined to enable a
high operating frequency. This high operating frequency coupled
with an 8x parallelism of the data-path, maximizes the processing
power of our design to support up to 24 Gbps data throughput,
which is more than twice the transmission rate of HDMI (ie.
10.2Gbps). Besides, our design boasts a low gate count and low
power consumption.

In this design, we propose a new channel estimation concept:
Window-base Noise Cancellation (WNC). This algorithm cancels
the error caused by noise during channel estimation to provide a
more accurate channel estimate. It reduces the mean square error
(MSE) of the equalized symbols by 33.58dB, providing the system
the ability to achieve 64-QAM modulation, which is difficult
for other systems to achieve. Together with a large modulation
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alphabet size, our high performance baseband processor
achieves the high transmission rate which is not easily achievable
by other systems.

Our cell-based design implementation includes RTL coding,
logic synthesis, place & route, and layout merge. This design
flow includes a massive amount of verification to ensure the
correctness in each stage. These verifications cover function,
timing, power, DRC, LVS, and IR drop. The design of this
communication baseband receiver includes many modules,
therefore it is a big challenge to integrate the different modules
and to verify the correctness of each module with different tools.
We use the EDA tools provided by CIC, and work on every detail
to produce the best performing design.

Regarding the measurement results, the chip can run at 417 MHz
with 496.39 mW when the Core VDD is 0.9V. The result can match
our target of proposal which is 20 Gb/s. If increasing Core VDD to
0.94V, the chip can run at 500 MHz with 697.8 mW. These results
show that the design can be used on high definition multimedia
and indoor short distance transmission. It can make the home
environment more convenient and clean.

Fig.2 / Fabrication results of proposed baseband receiver
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