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The goal of this proposal is to do research and development on a high-density microelectronic-tissue hybrid sensor or intra-ocular retinal prosthesis. The contribution of ANL to the project includes three 

main tasks:

(a) Implementation of the ANL patented ultrananocrystalline diamond (UNCD) film technology to produce a biologically compatible, chemically resistant, hermetically protective coating to cover a Si microchip implanted in the human retina. This coating is grown using a microwave plasma chemical vapor-deposition (CVD) method featuring a CH4//Ar plasma chemistry that results in the production of insulating UNCD coatings. A new approach to be explored in FY07 will be to include biocompatible oxide coatings produced by Atomic Layer Deposition (ALD) underneath the

UNCD layer to improve hermeticity and electrical isolation from the underlying Si microchip.

(b) Investigate biocompatible oxides such as Al2O3, TiAlO, or layered heterostructure, including both layers, deposited by ALD, as hermetic coating for encapsulation of the Si microchip.

(c) Development of high-dielectric constant capacitors for integration with the retina microchip as input/output RF signal coupling capacitors. This work is new and will involve research on deposition of high-K dielectric layers on Si substrates, via sputter-deposition and 

ALD and integration with the microchip that is the main component of the artificial retina.
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	a.  Facility Requirements:  

Portable clean room for sample processing. 

b.  Publications:  

3

c.  Purpose:

• To check or uncheck boxes, highlight an appropriate box, copy it, and paste over exisOptimize the properties of UNCD hermetic coatings as biologically compatible, chemically resistant, bioinert coating for encapsulation of the implantable Si microhip in the human eye. This work will include exploring of oxide layers underneath the UNCD coating to increase hermeticity via heterostructured coating.

• Investigate biocompatible oxide coatings as hermetic encapsulating coatings or underlayers to UNCD layers.

• Develop high dielectric constant biocompatible capacitors for integration with the microchip as input/output RF signal coupling capacitors. 

e. Approach: 

For the work on hermetic UNCD and oxide encapsulating coatings, the personnel will be: O. Auciello-PI (10%), A. Sumant-staff scientist (50%).

For the work on hermetic oxide encapsulating coatings the personnel will be:  O. Auciello-PI  (10%), I. S. Kim-postdoc (50%).

For the work on the high-K dielectric capacitors, the research will focus on developing high-K dielectric films and integration with the microchip. The personnel will be O. Auciello-PI (5%), Il-Seok Kim-postdoc (50%).     

f. Technical Progress: 

We confirmed results from FY06 that hydrogen incorporation into UNCD films resulted in increased insulation characteristics of the films and lower leakage currents (down to ~ 10-7 A/cm2) in electrochemical tests in saline solutions. This effect resulted form hydrogen incorporation into the grain boundaries that satisfied dangling bonds, thus reduced conduction electrical conduction paths through grain boundaries.

We performed studies of UNCD encapsulating coating of simulated Si chips with sharp edges. These studies showed that electric field concentrated on edges and corners may lead to high electric fields, resulting in higher leakage current than when the tests were performed in FY06 on UNCD coated flat surfaces. We understand that electric field concentration at edges and corners of real Si chips is a problem and will explore solutions in FY07. 

We conducted the second in vivo test of UNCD in rabbit eyes for six-months, which showed a repeatable good performance of the UNCD coating in animal eyes (i.e., no deleterious reactions of the UNCD surface in the bioenvironment of the eye), as for the first six months test in FY06. 

We received, assembled and commissioned the atomic layer deposition (ALD) system purchased with funding form the retina program, and performed the initial studies on the growth of hermetic, bioinert oxide films as an alternative to UNCD coatings for encapsulation of the retina microchip. Initial results show great promise. We produced heterostructure Al2O3/TiO2 layers. Which exhibited low leakage current density (5 x 10-8 A/cm2 to 1 x 10-7 A/cm2) in electrochemical test performed in saline solution simulating the eye environment.

We performed first studies focused on understanding thin film integration strategies to produce microchip-embedded coupling capacitors to couple the RF waves with imprinted image information transmitted from a CCD camera to the microchip for subsequent electric pulse transmission to the brain to produce image formation. The capacitors were fabricated via deposition of high-dielectric constant TixAl1-xOy layers sandwiched between Pt electrode layers. Capacitance densities of up to 8 µF/cm2 were demonstrated, which will enable the fabrication of high-capacitance devices up to about 90 µF, as needed for coupling efficiently the RF signal from the CCD camera into the microchip.

g. Future Accomplishments:

We will explore new materials integration to optimize the insulation and hermeticity of UNCD coatings when encapsulating the real microchip. In order to control de high electric fields developed at the edges and corners of the Si microchip, we will produce heterostructure coatings, with multilayers of oxide/W/UNCD or UNCD/W/UNCD on the Si microchip. The metallic W film will serve the purpose of providing an electrically floating layer to stop the electric field propagation to the surface of the UNCD top layer, thus reducing leakage. 

We will perform research on alternative biocompatible oxide layer as microchip encapsulating coatings isolated or in combination with UNCD and/or parylene. The oxide layers will be synthesized using the atomic layer deposition (ALD) film growth approach, which is able to coat the microchip all around in a single coating process, due to the chemical processes whereby the layer grows. In the ALD approach a monolayer of oxide is grown via chemical reaction on the substrate surface of precursors-containing Al or Ti metallic atoms,while supplying oxygen to bind the metallic atoms in an oxide network. Once a monolayer of oxide is grown, a pulse of water molecules in injected to etch away remaining species that would occupy sites inhibiting the growth of subsequent oxide layers. The water molecules landing on the oxide layers prepare the surface for growth of another oxide layer. Te process is produced sequentially in an automatic scheme, controlled by computer, to produce a thick oxide layer.

We will perform research to develop biocompatible high-K dielectric input/output coupling capacitors for integration into the retina microchip to miniaturize the overall retina implant. In addition to the sputter-deposition process used in the initial studies to develop coupling capacitors in FY06, we will use the ALD technique to produce oxide layers with atomic scale control of composition and structure, capable of yielding high capacitance with high breakdown voltage. We will focus on developing coupling capacitors based on the bioinert TixAl1-xOy film approach. The high capacitance will be achieved by growing the oxide layer conformally along the horizontal and vertical walls of a large array of square ridges, which will provide a large area film needed to achieve high capacitance. The ALD film growth technique is the ideal method, since it can produce extremely uniform films, even deep into the trenches, as required to produce the needed high capacitance.


h. Relationships to Other Projects:

We will interact with the following groups that are part of the artificial retina project in an effort to optimize the overall chance for success of the overall project:

· Work with Second Sight to develop the hermetic coating needed for eye implantation of the Si microchip in the eye. SS will provide real microchip devices to be coated with the hermetic layer, and state of the art capability for conducting soaking and chronic tests on the electrochemical performance of the coated microchip. Both UNCD and oxide coating will be explored.

· Work with Oak Ridge National Laboratory to measure hydrogen and/or oxygen evolution from the surface of the hermetic coatings to determine which coating produce the smallest leakage current.Work with Doheny Eye Institute researchers for continuing critical in vivo tests of the encapsulating coatings

· Work with the group of the University of California (Santa Cruz), which is designing the Si microchip, to achieve integration of the proposed coupling input/output capacitors with e microchip.

i.  NEPA Requirements Required:                                                  NEPA review and assessment has been completed in accordance with DOE NEPA Compliance Order 451.1B
m. ES&H Considerations: 

Normal ES&H considerations associated with laboratory work as outlined in Argonne’s ES&H manuals will apply




