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Abstract

Nowadays, the stimulator that transmits artificial electrical signals into nervous
system to restore some physical functions of a human has been investigated and
verified. Functional electrical stimulation (FES) and therapeutic electrical stimulation
(TES) systems have been developed for restoring function in different applications
such as cardiac pacing, extremity muscle exercising, vision restoration and
suppression of epileptic seizure.

When the stimulator with high-voltage-tolerant consideration delivers stimulus
current, the output voltage of stimulator may be larger than system supply voltage due
to variation of electrode-tissue equivalent impedance. In order to sustain the high
operating voltage at the output of stimulator, conventional stimulator is fabricated in

high-voltage process. The proposed stimulator will be integrated with other circuits



such as bio-signal processor and microcontroller for systems-on-chip (SOC). Besides,
a stimulator with adaptive loading consideration in low-voltage CMOS process is also
needed.

In this work, a high-voltage-tolerant stimulator in a 0.18um 1.8V/3.3V CMOS
process is proposed. Using stacked transistors and voltage limiting technique prevent
from reliability issues such as electrical overstress and gate-oxide breakdown. The
stimulus driver is designed to deliver charge balanced biphasic pulses and reduces the
mismatch between the anodic and cathodic pulses to avoid charge accumulation
hurting the never cells. The biphasic stimulation methodology about electrode
configuration is classified into two types: two leads per site (bipolar stimulation) and
one lead per site (monopolar stimulation). For multi-channel application, the number
of interconnect leads between the stimulatorand tissue by monopolar type is a half of
the number by bipolar type, reducing chip area of contact pads. The monopolar
configuration is preferred over-a bipolar counterpart if the stimulus current is intended
to spread over a wider area.

The regulator circuit of the SoC project only provides VDD (1.8V) to the
high-voltage-tolerant stimulator. Therefore, the proposed monopolar biphasic
stimulator consists of the stimulus driver, positive high voltage generator, and
negative high voltage generator. In addition, the output stimulus current of stimulator
could be 10 ~ 50 pA. The loading of stimulator can be adaptive within the
electrode-tissue impedance from 50kQ to 200kQ in series with 12nF~ 200nF
capacitor in stimulus current of 30 pA in the TSMC 0.18um 1.8V/3.3V CMOS

process.



