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ABSTRACT

A CMOS photovoltaic-powered 256-pixel subretinal prosthetic chip with auto-
adaptive pixel circuit for wide image dynamic range is proposed and fabricated by
TSMC 0.18um CIS (CMOS Image Sensor) technology. In the proposed chip, the key
innovations are auto-adaptive pixel circuit, bi-directional sharing electrodes (BDSEs)
with optimized stimulation pattern to minimize crosstalk charges, closed-loop charge
pump with pulse-skip modulation (PSM) and pulse-frequency modulation (PFM),
improved constant current stimulator and improved constant current generator.

In the auto-adaptive pixel circuit, the characteristic of Michaelis-Menten
equation (MME) in human eyes can be mimicked by auto-adaptive pixel circuit to

generate the MME current. Then the APS (active pixel sensor) circuit is used to transfer
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the MME current into a voltage which generates the corresponding MME-like
stimulation current. Thus the background light cancellation can be performed to
increase the image dynamic range.

Bi-directional sharing electrodes (BDSEs) and divisional power supply scheme
(DPSS) are adopted to increase electrode size and stimulation charges while reducing
power consumption. The optimized stimulation pattern is designed to reduce the charge
leakage of crosstalk. The maximum total charge leakage is decreased to 1.07nC to
reduce the risks of error stimulations. Pulse-skip modulation (PSM) and pulse-
frequency modulation (PFM) are added to the charge pump to form the closed-loop
charge pump and obtain a stable stimulation voltage. The improved constant current
stimulator is designed to avoid the undesired turn-on of MOS devices in the active
recovery phase and decrease the transient peaks of the stimulation current so that the
risk of tissue damage can be reduced. The improved constant current stimulator also
take the advantage of NMOS current source to avoid the transient ripples from the
supply voltage generated by the charge pump. A process independent constant current
generator 1s designed to generate a stable bias current for the ring oscillator so that the
stimulation frequency is stabilized with low die-to-die frequency variations.

The chip area is 3.2mm x 3.2mm. The output voltage of closed-loop charge
pump has been measured to confirm that the stimulation voltage does not become
higher under the light loading to exceed the water-window limit. The measured
minimum illumination of signal light 39Lux. The maximum stimulation current can be
measured under illumination of 21267Lux signal light. The measured dynamic range
of the input light is increased to 54.7dB. Moreover, the maximum stimulation current
is 7.09nA and the corresponding maximum stimulation charge is 8.89nC. The MME-
like shape of stimulation current versus light intensity has been verified by simulation

and measurement. Furthermore, the measured die-to-die variations of stimulation
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frequency reduces to 23.5Hz to 28.6Hz. As compared with the previous work, the image
dynamic range is 1.79 times larger than [21]. The transient peak of improved constant
current stimulator is ~0uA and the stimulation frequency variations of the work is
23.5~28.6Hz (-94%~114%), which are much lower than those in [19]-[21]. The ex vivo
patch clamp experiments with the retinas of rd/ mice have been performed to validate
the functions of fabricated subretinal chip. The retinal ganglion cells (RGCs) of retinas
have been successfully evoked by the stimulation current pulses from the chip and the
function of background cancellation has also been verified.

Through both electrical measurement and ex vivo experiments, the functions of
designed subretinal chip with auto-adaptive pixel circuit for wide image dynamic range
have been validated. It is shown that the proposed subretinal chip is suitable for retinal

implant.



