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A Wirelessly Powered Biphasic Current Stimulator for

Implantable Biomedical Neurostimulation

Student: Chang-Chun Yang Advisor: Prof. Ming-Dou Ker

Institute of Electronics
National Yang Ming Chiao Tung University

Abstract

Obstructive sleep apnea (OSA) is a common sleep disorder. With advancements in
integrated circuits and biomedical electronics technology, implantable neural stimulation
devices are now available to regulate tongue movement. These devices generate electrical

stimulation to stimulate the hypoglossal nerve with the lithium battery power.

This thesis presents a wirelessly powered neural stimulation chip. The system utilizes the
resonance of inductors and capacitors in both the transmitter (Tx) and receiver (Rx), resonating
at a frequency of 13.56MHz to transfer energy and power the neural stimulation device,

eliminating the need for lithium batteries and freeing patients from regular surgical procedures.

The neural stimulation chip is implemented using TSMC 0.18-um process technology,
with a total chip area of 1764 x 1115 square micrometers. The chip converts the energy
transferred by the coil resonance into a stable 3.3V supply using a full-wave rectifier and a low
dropout regulator (LDO) to power the internal components. A constant transconductance bias
circuit, along with a digital-to-analog converter (DAC), is used to generate reference currents
of various magnitudes. These currents are then amplified to the required stimulation pulse

intensity via a current mirror. Finally, the stimulation driver circuit, controlled by signals from



the control signal generator, delivers the stimulation pulses to the output channels. The passive
discharge circuit ensures the stimulator complies with safety regulations during nerve

stimulation.

Considering the need for smaller device sizes in biomedical applications, this thesis also
proposes a method for miniaturization. Using a combination of silicon chip and a miniaturized
PCB, the system achieves full functionality within a compact size and is capable of generating
a wide range of biphasic current stimulation: (i) stimulation frequency of 30 Hz, (i1) stimulation
current ranging from 0.1 mA to 2.5 mA, and (iii) stimulation pulse width from 10us to 620us.

The electrical performance and functionality have been verified in biomimetic agar gel.

In summary, the stimulation chip presented in this thesis can deliver appropriate
stimulation parameters based on various application scenarios. With suitable resonant inductors
and capacitors, wireless power transfer enables the chip to perform the desired current

stimulation automatically and wirelessly.

Keywords — Biphasic current stimulator, implantable stimulator, neurostimulation, agar

gel imitation test, wirelessly-powered biomedical device.



