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Abstract

Functional electrical stimulation (FES) has been developed into a useful therapeutic tool
for neurological disorders these days. For instance, deep brain stimulation (DBS) is well known
for its effective control of essential tremors and Parkinson’s disease. The treatments of spinal
cord injury, retinal prosthetics, cochlear implants, Alzheimer’s disease, and seizure suppression
are related to electrical stimulation as well. Furthermore, for the convenience of clinical usage,
the physical size of medical devices tends to be smaller, which is more suitable for wearing or
implantation. By combining microelectronics and biomedicine, the implantable system-on-chip
(SoC) has great advantages in biomedical applications. Therefore, a stimulator system with
various stimulus patterns and functions is proposed in this design, which is able to provide more
widely choices on clinical treatments.

All the electrical stimulation patterns that are frequently used for neuro-modulation can be
generated by the proposed dual-configuration dual-mode stimulator. Dual-configuration
represents the bipolar or monopolar structure, meanwhile dual-mode stands for the current or
voltage output. No matter what stimulation circumstance is chosen, biphasic or monophasic
waveforms can be fully supported by the proposed stimulator chip. With various stimulation

patterns and adjustable control parameters, the proposed stimulator is able to provide



corresponding treatments more flexibly according to the patient's symptoms, which has
significant advantage in biomedical applications. Furthermore, the stimulator chip is realized
in 0.18-um 1.8-V/3.3-V CMOS process and common grounded p-type substrate, which offers
great benefit to SoC integration with other analog or digital circuits together for implantable
biomedical devices. Take the implantable closed-loop DBS SoC system as an example, the bio-
signal collected by neural-signal acquisition analog-front end will be analyzed by the bio-signal
processor. Through the proper adjustment of stimulation parameters (such as stimulation
frequency, intensity, and the output channel), the abnormal brain signals can be suppressed,
which completes the efficient electrical stimulation therapy. The power of the closed-loop SoC
system is provided by the power management unit that ensures the stable operational voltages.
Associate with the compact DAQ cards and the medical all-in-one computer, an extracorporeal
system can be established. Due to its portability and the comprehensive closed-loop
functionality, as long as the SoC is combined with the developed graphical user interface (GUI),
the whole system will be more conducive to the observation, analysis, and treatment of neural
signals.

The proposed stimulator system is realized with low-voltage devices, however, with the
necessity of providing both positive and negative voltage outputs, the reliability issue of the
devices that are operated in the negative power domain should be taken into concern. Since the
voltage difference between the positive and negative power supply reaches 12 V, which is much
higher than the breakdown voltage of low-voltage components, the overstress problem should
also be dealt with carefully. The proposed stimulator chip has conquered the overstress and
reliability issues that mentioned above with the maximum +3.6 mA stimulus current and the
maximum stimulus voltage achieved to £3.6 V. Due to the fact that all the stimulus channels
share the same current/voltage source, the stimulator not only minimizes the output mismatch
and reduces the power consumption, it also optimizes the layout area (each channel only

occupies the silicon area of 0.052 mm?). Moreover, with the built-in discharge function, the
iv



redundant charge after stimulation can be eliminated, thus the bio-safety concern of unbalanced
charge in neuro-stimulation can be dealt with properly. Additionally, through the
comprehensive electrical verification, the proposed stimulator has been proven that meet the
ISO 14708-1 standard. In the imitation experiments, the measurement results are reproducible
compared to the electrical verification, which affirms the stability of the stimulator system.
Furthermore, the proposed stimulator chip has been applied successfully on the in-vivo animal
test. By recording the changes of local field potential (LFP), the abnormal peak in the beta band
was observed before the electrical stimulation in the experimental mini-pig. After delivering
the electrical stimulation from the stimulator system, the abnormal beta band peak was

suppressed effectively.

Key words— neuro-modulation, biphasic stimulation, bipolar stimulator, monopolar stimulator,
current stimulation, voltage stimulation, closed-loop SoC system, implantable biomedical

device, charge balance, bio-safety, in-vivo animal test.



