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Design of Four-Channel Monopolar Biphasic
Current Stimulator System for Cochlear
Implant Application

Student : Yu-Kai Huang
Advisor : Prof. Ming-Dou Ker

Institute of Electronics
National Chiao Tung University

ABSTRACT

With rapid development of biomedical science and semiconductor, SoC for biomimicry
is becoming feasible. Cochlear implant is an implanted hearing-aid device which provides
senses of sound by electrical stimulation. In this work, the stimulator system employs four
electrodes placed on the surface of bone and one electrode on the round window to preserve
partial hearing. The proposed circuit is capable of providing monopolar biphasic current
stimulation with single-output or dual-output mode. The pulse shape and magnitude of
current can be flexibly controlled by digital signals, and the tuning range of the magnitude
is from 10pA to 1.2mA with resolution of 10pA. The matching between cathodic and
anodic current is within the safety regulation of implantable devices. Besides, positive
and negative high voltages are required due to the high impedance of load and monopolar
configuration. The proposed design is realized in low voltage process with the ability to
tolerant high voltage and operate in complex power domains. The positive and negative
high voltages are provided by multiple-charge-pump which is able to provide 6V and
—3V simultaneously. With pulse-frequency-modulation feedback control, the voltages can
be regulated within 2.5mA loading current. Also, the four-phase clock scheme is utilized
to suppress the generation of reverse current; hence, the power efficiency can be improved.
The proposed stimulator system has been taped out in TSMC 0.18um low voltage CMOS

process and the functions are verified by electrical measurement.
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