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Abstract

With the evolution of biomedical science and electronics, many stimulators have
been extensively employed as an electrical stimulation treatment in medicine. Electrical
stimulation has been proven to recover some physical functions of patients. During
stimulation, the equivalent voltage on tissues is high. Therefore, a high voltage
generator is needed to serve as a sufficient and stable power source to support stimulus
system.

During the therapeutic process, the dislocation between tissues and electrodes may
cause the variation of impedance. Also, the effectiveness of the stimulation may induce
the change of stimulus scales. Therefore, the required supply for stimulators varies from
several volts to tens of volts. It is important for the high-voltage generator to vary along

with the stimulus conditions.



Compared to an inductive converter, a capacitive converter (also named as charge
pump) is preferred for implantation and integration in biomedical applications. Without
any off-chip components, charge pump can generate positive or negative higher voltage
from a lower voltage.

Based on these considerations, a multiple-charge-pump system and a stage-
selective negative voltage generator are proposed in this thesis. Circuit design to
implement a multiple-charge-pump system in a low-voltage standard CMOS process is
proposed, that can successfully support the desired power sources for implantable
monopolar biphasic stimulators. Without gate-reliability issues, it can provide
stimulators with three power sources of +9 V, =9 V, and 2.7 V, simultaneously. It can
regulate the output voltage sources (£9V)with a maximum loading current of 5.5mA
for stimulus drivers. Another —2:7-V voltage and | -mA current is for the control circuits
of the stimulator. The chip hasbeen fabricated ina 0.18-pum 1.8-V/3.3-V CMOS process,
as well as successfully verified 1 in<vivo animal tests with stimulator together. Besides,
a stage-selective negative voltage generator is.realized in a 0.25-um 2.5-V/5-V/12-V
CMOS process. It is designed to cover a wide output voltage range from —0.3 V to —8.8
V within maximum output current of 5.5mA. The negative voltage generator with a
reconfigurable cascaded architecture is needed to reduce excessive power consumption

and further improve the power conversion ratio.
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