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Outline

e Background

 Theretina

o Causes of blindness -retinal diseases
e Implant design

* Prototype system

e CMOSretina chip

» Microelectrode array development

e Retinal experiments
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Cochlear implants/retinal | mﬁl ants

Electrode array stimulates Electrode array to stimulate
auditory neurons retinal neurons

~ 60,000 patients worldwide Worldwide research area
with cochlear implants (2002) - USA, Germany, Japan, Australia
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L eading causes of blindness in the western-world

Age-related macular degeneration(AMD) _

—UK has an incidegce of 8% above the age of 65 08 b ~+ A An A
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Design of implant
-

Collaboration involving neuroscientists, detector physicists
and ASIC designers at the Council for the Central
L aboratory of the Research Councils (CCLRC)

EPSRC funded, started Dec 2002

— CCLRC
» Retinal chip

— Glasgow
* Microelectrode arrays
o System development
» Physiological testing
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Monolithic active pixel sensor

Retinal surface



Prototype system

64-channel
L ow-noise pre-amps

Bondpadsto
electrode array




P

e 10x10 pixel matrix
e pixel pitch 100um
 Each pixel contains

— Photodiode

— Voltage controlled oscillator
(VCO)

— Bi-phasic output driver
» Creates signals capable of
stimulating retinal ganglion
cells.

* Freqguency of VCO depends
on incident light.

Frequency range : 10Hz-100 Hz
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|PIX characteristics
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5-100 Hz output range
Good linearity
Pixel-pixel variation < 5%
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Photodiode output range 65-100Hz
Good linearity



System Noise
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Retinal ganglion cellsrequire a certain stimulation threshold to
be exceeded in order to elicit a response. Noise iswell below this



Current status. Electrode arrays

» Have fabricated
flexible electrode
arrayson abio-
compatible substrate
(polyimide)

e Only 20 micronsthick

e Extremely flexible and
able to assume the
contours of the eye

» Electrode spacing of 60
MICrons
* Numbers of electrodes:
— 8 (in-situ recordings)
— 74 (9 stimulating, 64
recor ding)
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M easurementstaken in physiological saline_
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Charge capacity: How much chargethe
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Platinum ~ 260uC/cm?

Iridium oxide ~4mC/cm?
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Electrode voltage (LV)
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Recording from small RGCs
B

 Bio-compatible electrode array recording from frog retinal
ganglion cells (RGCs)
* RGCsonly ~10um in diameter, good model for human fovea
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Stimulation Studies

Stimulate with one electrode whilst recordF

surrounding electrodes
Electrically stimulated ganglion cell response

< 40 -
Y .
(@)
S o0
o
>
S :
S 40K 400mV stimulus pulse
(&S]
Q@
W _sou : : : : : .
0 50m 100m 150m
o» 154 Time after stimulus pulse (s)
<
o
(%2]
3 1044
5l 24 trials
2 5
o
)
Q N
g 0 H T T H H T T 1
pa 0 50m 100m 150m

' fter stimulus pulse (s)
Conference on Position Sensitive Detectors



Conclusions

« |PIX cmos sensor delivering voltage pulses depeW

Intensity.
« High-density microelectrode arrays fabricated with good electrical
characteristics:
— Impedance at 1kHz ~ 150k
— Charge capacity of

— Pt electrodes 260uC/cm?
— Iridium oxide 4mC/cm?

» Retinal experiments undertaken in situ.
— Successful retinal recordings from very small RGCs
— Voltage threshold of 400mV needed to €licit response from RGCs

— Corresponds to ~ 130uC/cm? on the electrode

» Permits electrodes as small as Sum in diameter and high density electrode
arrays

 Many issues still to be dealt with
— Biocompatibility
— Power requirements

— Safe operating limits
ational Conference on Position Sensitive Detectors



Research background: Physicsto retinal studies

How does the eye talk to the brain? _

Record the patterns of electrical activity generated by hundreds of retinal
output neurons in response to a movie focused on the input neurons

* | 1 Electrode separ ation
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Results using microelectrode arrays
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Conclusions
* Necessary expertise in place: _

— Semiconductor fabrication, detector technology

— Electrophysiology (Dr. J.D. Morrison)

— PhD students. C. Adams, D. Gunning, A. Moodie
« Validated electrode array in retinal experiments

* |maging detector with stimulation capabilities complete and under
characterisation

e Begun retinal stimulation studies with high-density electrode arrays

Fellowship work plan
 Movetowards viable prosthesis by:
— Scaling up electrode arrays (~ 600 electrodes)

— Programmable imaging detector capable of reproducing retinal
function

— Implantation and testing in animal model
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How many pixels are needed to rﬁresent an imﬁe’?

30 x 30 640 x 430

From : http://www.icat.ncsu.edu/projects/retina/archive.ntm



Retinal project
I

How doesthe eyetalk to the brain?

VLSI chip
y ; Biological studies

Image Salk Institute, San Diego
Readout system & data analysis
University of California

¢ saline
ST Santa Cruz (UCSC)
‘?‘ 7H Retina 144 *; Microelectrode array development

P harsertn Univer S|ty of GlaSgOW
VLS chip design
University of Krakow (CERN)

Microelectrode array

CCD camera Theretina project led by Prof Alan Litke (UCSC & CERN)
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Signals from 512 array
I
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The eye’ s pixel detector: The Retina

e 108 photoreceptors
— rods and cones
« Parallel analogue
processing layers of
cells

— horizontal, bipolar and
amacrine cells

« Qutput from ganglion
cell layer

e 10° optic nerve
connections

e ArealOcm?
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Research Aims
A

Toimprove quality of life by restoring some
semblance of vision to blind patientsthrough electrical
stimulation of theretina

1. Develop high-density electrode arrays : Interface to retina

2. Imaging detector to detect visual scene and provide
patterned stimulation to electrodes : Smart retina chip

3. Stimulation and recording of small retinal ganglion cells
(frog) to determine optimal stimulus parameters

4. Develop physiological experimentsin which abinocularly-
activated visual cortex neuron is stimulated directly by a
pattern of light and by equivalent patterned e ectrical
stimulation of the companion retina
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Retinal experiments

Computer Display

RODS AND
CONES

HORIZONTAL
CELLS

BIPOLAR
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Electrophysiological Imaging
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