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A new generation of artificial retinas based
on 2-D materials
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Scientists report they have successfully developed and tested the world's
first ultrathin artificial retina that could vastly improve on existing
implantable visualization technology for the blind. The flexible device,
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based on very thin 2-D materials, could someday restore sight to the
millions of people with retinal diseases. And with a few modifications,
the device could be used to track heart and brain activity.

The researchers are presenting their work today at the 256th National
Meeting & Exposition of the American Chemical Society (ACS).

"This is the first demonstration that you can use few-layer graphene and
molybdenum disulfide to successfully fabricate an artificial retina,"
Nanshu Lu, Ph.D., says. "Although this research is still in its infancys, it
1s a very exciting starting point for the use of these materials to restore
vision," she says, adding that this device could also be implanted
elsewhere in the body to monitor heart and brain activities.

The retina, located at the back of the eye, contains specialized
photoreceptor cells called rods and cones that convert incoming light into
nerve signals. These impulses travel into the brain via the optic nerve
where they are decoded into visual images.

Diseases such as macular degeneration, diabetic retinopathy and retinitis
pigmentosa can damage or destroy retinal tissue, leading to vision loss or
complete blindness. There is no cure for many of these diseases, but
silicon-based retinal implants have restored a modicum of vision to some
individuals. However, Lu says these devices are rigid, flat and fragile,
making it hard for them to replicate the natural curvature of the retina.
As a result, silicon-based retinal implants often produce blurry or
distorted images and can cause long-term strain or damage to
surrounding eye tissue, including the optic nerve. Lu, who is at the
University of Texas at Austin, and her collaborator Dae-Hyeong Kim,
Ph.D., who is at Seoul National University, sought to develop a thinner,
more flexible alternative that would better mimic the shape and function
of a natural retina.
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The researchers used 2-D materials, including graphene and
molybdenum disulfide, as well as thin layers of gold, alumina and silicon
nitrate to create a flexible, high-density and curved sensor array. The
device, which resembles the surface of a flattened soccer ball or
icosahedron, conforms to the size and shape of a natural retina without
mechanically disturbing it.

In laboratory and animal studies, photodetectors on the device readily
absorbed light and passed it through a soft external circuit board. The
circuit board housed all of the electronics needed to digitally process
light, stimulate the retina and acquire signals from the visual cortex.
Based on these studies, the researchers determined that this prototype
artificial retina is biocompatible and successfully mimics the structural
features of the human eye. They say it could be an important step in the
quest to develop the next generation of soft bio-electronic retinal
prostheses.

Moving ahead, Lu is exploring ways to integrate this technology into
mechanically and optically imperceptible electronic tattoos that are
laminated on the skin surface to gather real-time health information. Lu
says that the team plans to add transistors to these transparent e-tattoos to
help amplify signals from the brain or the heart so they can be more
easily monitored and treated. These ultrathin sensors and electrodes can
also be implanted on the surface of the heart to detect arrhythmias. Lu
says doctors could potentially program them to act like tiny pacemakers,
sending electrical impulses through the heart to correct the problem.

More information: 2D Materials based on Epidermal and Implantable
Conformal Electronics, the 256th National Meeting & Exposition of the
American Chemical Society (ACS).

Abstract
Bio-tissues are soft, curvilinear and dynamic whereas wafer-based
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electronics are hard, planar, and fragile. Such mismatch fundamentally
impedes their integration with each other. As atomically thin, optically
transparent, mechanically robust, and highly functional electronic
materials, 2D materials are 1deal for conformable bioelectronics. We
have invented a cost- and time-effective "wet transfer, dry patterning"
process for the freeform manufacture of graphene e-tattoos (GETs). Our
GET has a total thickness of less than 500 nm, an optical transparency of
~85%, and a stretchability of more than 40%. Tensile fracture of PMMA -
supported graphene has been experimentally investigated and different
stages of fracture have been identified. GET can be directly laminated
on human skin exactly like a temporary transfer tattoo and can fully
conform to the microscopic morphology of the skin surface via just van
der Waals forces. Analytical models are developed to guide the GET
design for full skin conformability even under skin deformation [4]. As
a dry electrode, GET-skin interface impedance is found to be as low as
medically used Ag/AgCl gel electrodes. GET has been successfully
applied to measure electrocardiogram (ECG), electromyogram (EMG),
electroencephalogram (EEG), skin temperature, and skin hydration.
When applied around human eyes, imperceptible GET electrooculogram
(EOG) sensors can capture eye movement with an angular resolution of
4 degrees, which can be used to wirelessly control a quadcopter in real-
time. In addition to noninvasive e-tattoos, we have engineered human
eye-inspired soft implantable optoelectronic device using atomically thin
MoS2-graphene heterostructure and strain-releasing, retina conformable
designs. The hemispherically curved image sensor array exhibits infrared
blindness and successfully acquires pixelated optical signals. We propose
the ultrathin hemispherically curved image sensor array as a promising
imaging element in the soft retinal implant with minimum mechanical
loading to the retina. Optical signals obtained by this curved image array
can be converted to electrical stimulations applied to optic nerves to
restore visualization.
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