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Circuit Design of a Non-Invasive Temporal
Interference Stimulator for Application in

Neurological Modulation

Student: Yun-Yu Li Advisor: Prof. Ming-Dou Ker

Institute of Electronics
National Yang Ming Chiao Tung University

Abstract

In recent years, neurodegencrative diseases have garnered global attention as
technological advances continue to drive research and clinical innovations. Beyond
traditional pharmacological treatments and invasive procedures, non-invasive electrical
stimulation therapy has emerged as a promising alternative that offers enhanced safety
and a lower risk profile, thereby mitigating many of the side effects associated with
conventional treatments.

To address the demands of modern biomedical applications, this thesis introduces
a dual-channel temporal interference stimulator (TIS) developed using the TSMC
0.18 um CMOS HVG2 BCD process. The TIS chip is capable of generating precise
frequency combinations and delivering an output amplitude of £5 V, with the ability to
adjust parameters based on input signals to meet specific biomedical requirements.

Furthermore, the thesis presents a numerical analysis of pigs’ electrode-tissue
model based on TIS stimulation. This analysis informed the design of the stimulator's

output load. The stimulator’s performance was subsequently validated using an



equivalent circuit model, confirming that it meets the necessary biomedical stimulation
specifications and is safe for practical applications. The design is principally based on
the principles of non-invasive transcranial alternating current stimulation (tACS). In
vivo animal experiments have successfully demonstrated that the TIS chip can generate
effective electrical stimulation, whereby controlled input signals induce low-frequency

signals in the pig’s brain, thereby stimulating damaged neural tissues.

Keywords — Non-invasive, temporal interference stimulator, TIS, Dementia,

neurodegenerative diseases, neuromodulation





