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Abstract

Due to the graying population and pursuit of high life quality,
the demand for medical electronic products is growing day by
day. Our dream is to realize a bio-medical micro-chip with high
convenience, safety and curative effect by utilizing CMOS standard
process and make implantable medical electronics be used more
conveniently and widely. Thus we can benefit more suffering
patients and decrease the medical cost. As a result, the goal of our
work is to implement a design with reasonable price, immediate
treatment, high safety and curative effect. Trigeminal neuralgia is
the most painful disease as well as terminal cancer, and it's dubbed
"the suicide disease". Consequently, trigeminal neuralgia patients
need immediate treatment much badly, and it is a quite suitable
application for our work.

Our work has three key features. First, it can provide immediate
treatment. Users are able to treat themselves anywhere anytime with
a handheld device. They don't have to go to hospital for treatment,
and no battery replacement issue bothers. Second, it integrates front-
end sensor interface circuit and programmable pattern generator.
Sensors can provide inside temperature and impedance information,
and accordingly users are able to wirelessly program the pain-control
chip for the best effectiveness. Last, it can be a platform for multi-
disease treatment. This chip is designed for both trigeminal neuralgia
and epilepsy treatment. It not only has the function of multi-disease
treatment but also further lowers the fabrication cost. We are going
to improve this work by the pain control of more disease and make

our idea show its real value.

In this work, we implemented an implantable sensing and pain-
control SoC, using a low voltage PRF stimulation which works well in
trigeminal neuralgia alleviation and avoids causing thermal damage
to tissues, with 0.35um CMOS process. The RF power is inductively
coupled to a coil antenna and converted to DC by a full-wave rectifier
when putting handheld device close to the chip. This chip needs no
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Fig.2 > System block diagram of implantable PRF stimulation SoC

battery and sustains normal operation with the RF power. Users also
can specify a customized stimulation protocol in MCU wirelessly with
a handheld device. Simultaneously temperature and impedance
info can be sensed during system operation, and users can take
it as a reference for parameter adjustment to achieve quiet safe
and effective treatment. It's also effective in epilepsy treatment by
applying PRF stimulation to the vagus nerve. This bio-chip generates
specified stimulation pattern for each disease to achieve multi-
disease pain control.

In the animal experiment, the trigeminal nerve was ligated by
catgut to induce trigeminal neuralgia. We connected the module to
inserted electrodes and provided PRF stimulation of 5V, in contrast to
the conventional tens volts for a duration of 5 min. The experimental
group with PRF stimulation consistently had much higher pain
tolerance than the control group without PRF stimulation, and the
curative effect can sustain more than 2 days. This result not only
demonstrates the effectiveness of PRF treatment for pain alleviation
of trigeminal neuralgia, but also shows the curative effect of PRF
stimulation is much better than that of commonly used clinical
drug according to medicine experimental results. This work is also
interviewed and recognized by senor editor R. Collin Johnson from
EE Times in Taiwan this year.



