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An Ultralow-Power Multi-Channel Multi-Mode Wireless
Transmitter for loT Applications
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Abstract

In applications of 0T systems in commercial, medical, or industrial
contexts, from health monitoring sensors and smartphones to
cloud computing for environmental computers, these loT devices
have extremely limited power budgets and may even need to use
battery-free energy harvesting solutions. Therefore, the realization
of IoT relies on highly efficient wireless communication technology,
requiring a wireless transceiver system that consumes minimal
energy or can even be supplemented by energy harvested from the
environment to extend the usage time of IoT devices, thereby
providing a reliable solution with low cost and low maintenance.

In response to the rapid development of the loT concept, wireless
sensor nodes must have low power consumption and small size.
This work designs an ultra-low-power wireless transmitter with the
goal of significantly increasing operating time through sufficient
environmental energy harvesting techniques to achieve self-sustaining
loT devices. The proposed wireless transmitter architecture focuses
on frequency multiplication technology and the development of
low-frequency frequency synthesizers and phase modulators,
avoiding the reliance on traditional power-hungry high-frequency
phase-locked loops and local oscillators, thus breaking through
the current power consumption bottleneck to greatly reduce
overall power consumption. Additionally, this work features
multi-channel communication capabilities to overcome different
path losses and interference and can support various modulation
schemes widely used in modern low-power wireless communication
and sensor networks.

Our team designed the chip using TSMC 90 nm CMOS process,
developing a highly efficient and ultra-low-power 433 MHz wireless
transmitter with dual-stage injection locking and frequency
multiplication technology. The multi-channel communication and
FSK modulation are supported by a frequency synthesizer based
on low-frequency phase rotation, while the quantization noise
generated by the AX modulator is filtered out by N-path filters and
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two dual-injection locked ring oscillators (ILROs). Phase modulation
is achieved by changing the free-running frequency of the ILRO to
generate phase differences. Finally, a high-efficiency current-mode
class-D edge-combined power amplifier achieves 5x frequency
multiplication to generate the required carrier frequency. This
transmitter consumes 870 uW at a 0.75 V power supply and
provides an output power of =7 dBm, supporting data transmission
rates of 40/5/80 Mbps for OOK/BFSK/QPSK modulation, respectively.
In the future, if combined with advanced environmental energy
harvesting technologies, this energy-efficient wireless transmitter
can significantly extend the battery life of loT devices, realizing an
energy-autonomous loT system.

Fig. 2 Chip micrograph of the proposed transmitter.
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