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THE DESIGN OF 180-NM CIS 256-PIXEL
PHOTOVOLTAIC-POWERED SUBRETINAL
PROSTHETIC CHIPS WITH GLOBAL ADAPTIVE
BACKGROUND CALCELLATION CIRCUIT FOR
SUBRETINAL PROSTHESES

Student: Jia-Ming Syu Advisor: Prof. Chung-Yu Wu
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ABSTRACT

A CMOS photovoltaic-powered 256-pixel subretinal prosthetic chip with global
adaptive background cancellation circuit for wide image dynamic range is proposed
and fabricated by TSMC 0.18um CIS (CMOS Image Sensor) technology. The chip area
is 4mmx3.2mm. In the proposed chip, the new design concepts are global adaptive
background cancellation circuit (GABCC), water-window protection path, constant
stimulation current generator, constant current generator and ring oscillator, divisional
power supply scheme (DPSS) and bi-directional sharing electrodes (BDSEs), optimized
stimulation pattern to minimize crosstalk charges and charge pump. The minimum and
maximum detectable image illuminance is 110.5 lux and 6093.6 lux, the maximum
stimulation current is 7.74uA, the stimulation charge is 9.8nC and the stimulation
frequency is 21.33Hz.

The background illuminance can be detected and converted into a current by the



global adaptive background cancellation circuit (GABCC). Then, the image dynamic
range can be increased because the current converted from background illuminance can
be eliminated by the circuit in the chip. The image dynamic range is increased to
34.83dB.

In this chip, a constant stimulation current generator is designed to reduce the
variations of stimulation current from die to die and the variations are reduced to -10.2~
-2.1%. Moreover, a constant current generator and ring oscillator are designed to lower
the variations of stimulation frequency. The stimulation frequency varies from 18.91Hz
to 23.99Hz. Bi-directional sharing electrodes (BDSEs) and divisional power supply
scheme (DPSS) are adopted in this chip to increase the electrode size and stimulation
charges while reducing power consumption. The stimulation charge is increased to
9.8nC. The optimized stimulation pattern is designed to reduce the charge leakage of
crosstalk. A charge pump is implemented and the output voltage of charge pump is
stable at 1.6V for the whole chip. Through electrical measurement, the functions of
designed subretinal chip with global adaptive background cancellation circuit for wide

image dynamic range have been validated.



