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I Abstract

Due to the rapid development of the internet of
things (IoT), wireless sensor nodes must have
the characteristics of low power consumption, high
efficiency, and small volume. This work realizes an
autonomous wireless transceiver with three self-
developed chips, including a harvester, a transmitter
(TX), and a receiver (RX) to achieve the goals. The
energy-harvesting transmitter ( EH-TX ) scavenges
the energy from the piezoelectric film to supply the
TX for wireless signal transmission, and the energy-
harvesting receiver ( EH-RX) powered by the light
harvester receives the data to control the appliances.

The proposed piezoelectric harvester operates in a
burst mode, instead of the traditionally continuous
conduction mode. It not only enhances the overall
efficiency, but also reduces the piezoelectric film
area. When the remote control is triggered, the TX
can be effectively self-powered in a short period for
transmission purpose. Therefore, this approach can
achieve a great reduction of battery usage, leading to
less environmental effect and sustainable development
of green energy.

The piezoelectric harvester produces a stable DC
output through the linear regulator, providing energy
to the TX. The wireless TX chip adopts injection locking
techniques and an edge-combined power amplifier in
place of the phase-locked loop to implement frequency
multiplication. As a result, the local oscillator can
operate at low frequency, which significantly reduces
the power consumption, and thus decreases the
required area of piezoelectric film to meet the needs of
miniaturization. Through a single trigger of the remote
control, the transmitter and the microcontroller are
powered on to emit the radio frequency signal.
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By means of the injection lock and envelope direct
detection technology, the wireless RX system
architecture can be simplified, and demodulate OOK
/ FSK / PSK three types of digital modulation signals
for a wide range of applications. The RF front-end
circuit integrates a PCB antenna to achieve high-
quality factor coil inductance, which effectively reduces
the power consumption of RF front-end circuits.
Moreover, large dynamic range of the envelope
detector can achieve high sensitivity and ultra-low
power. Since the receiver power consumption is much
lower than the average light-harvesting energy, the
receiver can be permanently turned on to reduce the
system communication latency, saving most of the
energy for supplying the load. Once the RX receives
the communication request, the microcontroller will
execute the command.

The proposed three chips are fabricated in TSMC
0.18 pm CMOS process, developing highly efficient
energy harvester and ultra-low power transceiver.
The wireless transmission distance is measured up
to 8 meters. The remote control is integrated into a
volume of only 8.5 x 3.5 x 2.5 cm? which is portable
and eco-friendly. Thanks to the low power and high-
efficiency operation, the RX does not add extra burdens
to the light-harvesting supply under the continuous
detection. This project breaks the bottleneck of power
consumption and completes the integration of highly
efficient energy harvester and low power transceiver.
This work satisfies the demanding specifications for
smart home applications and has the greatest potential
for commercial products.

SPJeMY UODI[IS UBP|OD XIUOCIDBIN YI/T

25



