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Circuit Design and Application of
a Non-Invasive Temporal Interference Stimulator with High
Output Swing

Student: Tong-Hao Kuo Advisor: Dr. Ming-Dou Ker

Institute of Electronics
National Yang Ming Chiao Tung University

Abstract

With the advancement of technology-and societal stability, human life expectancy is increas-
ing, which can be considered a significant welfare for humanity. However, the extension of life
has brought to light and increased the importance of several neurodegenerative diseases.

This paper is predicated on the conceptof Noninvasive Deep Brain Stimulation via Tempo-
rally Interfering Electric Fields, published by Grossmanefal.. [1]in 2017. The content suggests
that effective stimulation can be applied to the human deep brain in a non-invasive method. We
hope to design a chip that can assist the medical system in treating patients suffering from de-
mentia. This stimulation method was preliminarily confirmed in human trials in Nature Neuro-
science in 2023 to effectively treat dementia [2].

This Non-Invasive Temporal Interference Stimulator is/designed using the TSMC 0.18um
CMOS High Voltage Mixed Signal Based Generation II BCD process. It is a Temporal In-
terference Stimulator (TIS) capable of generating a 20.V,,, sine wave with adjustable voltage
magnitude. Through an externally supplied square wave to the input end, the high-frequency
signal is filtered out by the low-pass filter and then sent to the inverting amplifier for amplifica-
tion. The signal is then amplified for the second time through the common source amplifier to
output a high output amplitude sine wave signal. Our chip was successfully tested in an ideal
environment. We then successfully measured the amplitude modulation (AM) signal on agar [3]
simulating human brain tissue. We also verified that by changing the voltage magnitude, we can
control the left and right movement to track the movement trajectory of the maximum stimu-
lation target point. Finally, we successfully administered effective stimulation to the in vivo

porcine brain and recorded the low-frequency signal (Beat Frequency).
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This paper will discuss how to assist biomedical applications through circuit design, with the
idea of non-invasive high-frequency alternating current signal voltage stimulation (TACS)[4] as
the inspiration for circuit design. The paper will present the derivation of biomedical theory
and mathematical theory as the basis, and use this theory to implement circuit design. Finally,
the feasibility of the circuit was verified by observing waveforms in agar [3] and animal exper-
iments. In the future, this stimulator will integrate direct digital synthesis technology (DDS)[5]
on a single chip to achieve portability, so that patients’ treatment is no longer limited to treatment
in medical institutions, which can alleviate medical capacity and improve the neurodegenerative

diseases encountered by the aging population structure[6].
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