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Abstract—We implemented a light-sensing function on
CMOS-based multi-chip stimulator for retinal prosthesis.
Using the light-sensing circuitry attached to each stimulation
electrode, the flexible multi-chip stimulator is capable of
image-based patterned stimulation. We verified the function of
the light-controlled decision based on the light intensity
measured just beside the stimulation site. We also
experimentally demonstrated in vivo retinal stimulation on
rabbit's retina with light-controlled decision. The result of the
present work is a simplified demonstration for the concept of
retinal prosthesis with on-site imaging.

I. INTRODUCTION

SI -based neural prosthesis / rehabilitation technology is

attracting a lot of interest as the new therapeutic

platform for various neural disabilities [1-8]. Retinal
prosthesis is the neural prosthesis in which LSI-based device
will play an essential role [3-8]

We have proposed multi-chip architecture to realize a
CMOS-based flexible retinal stimulator [9-12]. Fig. 1 shows
(a) concept and (b) photographs of the multi-chip flexible
stimulator. A small-sized multi-electrode CMOS stimulators
"unit chips" are arrayed on a flexible substrate to realize both
high-resolution stimulation and flexibility. We have
successfully fabricated and demonstrated the functionality
of the multi-chip retinal stimulators in 3x4 and 1x4
configurations [9-12].

Concerning about image reconstruction in retinal
prosthesis technology, image-based stimulation in which the
stimulation pattern is generated based on the light intensity
at the stimulation site is one of the promising option.

In this work, we designed a new CMOS chip for flexible
retinal stimulator with capabilities of on-site light sensing
and light-controlled stimulation. We characterized the
functionality of the light-sensing and light-controlled
stimulation. We also performed the light-controlled
stimulation in vivo retinal stimulation trial on rabbit’s retina.
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Fig. 1: (a) Concept and (b) photographs of
multi-chip flexile retinal stimulator.

II. DESIGN OF THE FLEXIBLE MULTI-CHIP RETINAL
STIMULATOR WITH LIGHT CONTROLLED STIMULATION

Fig. 2 shows (a) block diagram and (b) layout of the unit
chip, the core device of the multi-chip flexible retinal
stimulator. In this work, we implemented the functionality
of light-controlled stimulation without changing the basic
design (area, number and layout of the I/O pads, and
operation sequence) from the previous unit chip [10, 12].

The unit chip has four input lines; VDD, GND,
CONTROL, and STIM, and nine stimulation outputs with
addresses of "0001" - "1001". The device has a 10-bit
asynchronous counter as an address buffer. Each unit chip
counts the number of digital pulses applied on the
CONTROL line and interpret it as an address of the
stimulation electrode for stimulation. The lower 4 bits in the
address buffer are used to identify the electrodes, and the
higher 6 bits are used to code the unit chip to be used (Each
unit chip has its unique ID.).

Fig. 3 shows typical control sequence of the multi-chip
stimulator. After we turn on the chip by applying 5V
between VDD and GND lines, we apply pulse train on
CONTROL line. The number of the pulses was interpreted
as the electrode address (6-bit chip ID + 4-bit electrode ID).
Only the selected electrode on the selected unit chip is
connected to the STIM line. Using an external stimulator, we
can perform retinal stimulation with the selected electrode.
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Fig. 2. (a) Block diagram and (b) layout of the unit chip.
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Fig. 3. Operating sequences of the multi-chip stimulator

Fig. 4 shows schematic of the light-sensing circuitry
implemented on each stimulation output. To realize the
light-controlled decision, we implemented an active pixel
sensor (APS) circuitry with binary output. In contrast to
conventional APS circuitry for CMOS image sensor pixels,
VDD was used as the reset voltage. Owing to this
simplification, we can implement the light-controlled
functionality without any additional input. A comparator
directly connected to the photodiode node transforms the
photodiode level into binary output. The photodiode is reset
and the comparator is latched when CONT is low. The
photodiode starts to discharge at the Low to High transition
for each pulse on CONT, and the decision at the High to
Low transition of the pulse is latched until next pulse is
applied. We used this binary output to enable / disable the
stimulation output from each stimulation electrode. Thus,
the final decision for stimulation can be controlled using the
light intensity measured at the stimulation site. The
threshold light intensity for light-controlled decisions can be
adjusted with the length of the last pulse in addressing.

We assembled the unit chips on a polyimide flexible
substrate using flip-chip bonding technology, and formed
Pt/Au bump electrodes on the device. The detailed structure
and packaging process are compatible with the previous
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Fig. 4. Schematic of the light-sensing circuitry

versions of the flexible retinal stimulator [9-12].

III. FUNCTIONAL CHARACTERIZATION OF THE
LIGHT-SENSING CIRCUITRY

Prior to assemble into the flexible retinal stimulator, we
performed the functional verification of the unit chip
circuitry in the dry situations. To verify the addressing
function, we alternatively applied 5V digital pulses on the
CONTROL and STIM lines with and without light
illumination. Since each pulse on CONTROL line
increments the address of the selected electrode, each
pulse on STIM is transferred to different stimulation
electrode.

We observed the potential of electrodes with addresses
of "0000000111" and "0000001001". Fig. 5 shows
experimentally obtained traces of the trials. Fig. 5(a) and
5(b) are the results in the situation with and without
illumination, respectively. We can see the pulse applied on
STIM line was transferred to electrode “0000000111”
after the 7th CONTROL pulse and to “0000001001” after
the 9th CONTROL pulse, only in the case the chip was
illuminated. The results suggest that the functions of
addressing and light-controlled decision are correctly
working.
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IV. INVIVO EXPERIMENTAL DEMONSTRATION OF THE
LIGHT-CONTROLLED STIMULATION ON RABBIT'S RETINA

We performed an in vivo experimental demonstration of
light-controlled retinal stimulation. The retinal stimulation
was performed with suprachoroidal transretinal
stimulation (STS) configuration [13, 14]. We assembled
the 4 x 1 unit chips into a flexible retinal stimulator. In the
present work, we used the same device packaging and
experimental procedure as our previous report [12] except
that we illuminated the stimulator with infrared (IR) light
through the rabbit's retina. Since the rabbit (Dutch black
belted rabbit) was wild type and its retina had not
degenerated, the wavelength chosen for the control light
must be insensible by the rabbit's retina. We prepared an
LED light source with a peak wavelength of 950 nm. A 3 X
3 array of IR LED (OSRAM, LD271H) was placed in front
of the rabbit's eye. The distance between the implanted
stimulator chip and LED light source was approximately
50 mm. We confirmed that no visually evoked potential
(VEP) was observed by the IR illumination on the rabbit
retina.

Fig. 7(a) schematically shows the situation of the
retinal stimulation on the rabbit retina using the implanted
multi-chip flexible stimulator. After the surgical operation

to implant the stimulator, we confirmed that a clear VEP
response in the visual cortex of the animal's brain was
observed when we used visible light. We can confirm that
the rabbit was appropriately anesthetized and the visual
nerve system was ready for experiments.

In the in vivo experimental demonstration, we
stimulated the rabbit's retina with an anodic
constant-current injection. The pulse height was chosen to
be between 50 and 300 pA, and the pulse duration was
1000 ps. The stimulation was performed 100 times with an
interval of 2 s and the signal on the visual cortex of the
brain was averaged and recorded.

Fig. 7(b) shows the results of the in vivo retinal
stimulation experiment. In Fig. 7(b), the EEP traces show
that the stimulation was successfully controlled by the IR
light and caused differences in the response in the visual
cortex of the rabbit’s brain. For both conditions of 100 and
200 pA, clear responses were observed at 20 - 60 ms after
stimulation. The duration and waveform observed on the
EEP traces suggest that the stimulation on the retina was
enabled by only illumination. Therefore, we can conclude
that the rabbit's perception was controlled by light which
was insensible to the rabbit's retina. This is a quite simple but
direct demonstration of the concept for light-controlled (and
image-based) retinal prosthesis.
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Fig. 7. (a) Set up and (b) results (EEP traces) of in vivo retinal stimulation experiment on rabbit’s retina.

V. CONCLUSIONS

We designed a CMOS-based flexible multi-chip retinal
stimulator for retinal prosthesis technology. To realize
light-controlled stimulation, we implemented a light-sensing
circuit. We verified the function of the light-controlled
decision based on the light intensity measured just beside the
stimulation site.

We also experimentally demonstrated in vivo retinal
stimulation on rabbit's retina with light-controlled decision.
The result of the present work is a simplified demonstration
for the concept of retinal prosthesis with on-site imaging.
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