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Other Faculty:  Bryan Pfingst (Otolaryngology), David J. Anderson (EECS), Jamille Hetke (EECS),

Terry Zwolan (Otolaryngology), Dean Aslam (ECE-MSU), Craig Friedrich (ME-MTU)

Project Goals:

In cochlear prostheses, the distance between the electrode array and the neural receptors along the scala tympani is critical in determining optimal stimulus levels and frequency resolution.  In completely implantable systems, where power must be minimized, it is especially important that stimulus levels be optimized. This project will develop position-sensing devices capable of measuring array-wall distance to a resolution of 40µm or better.  Insertion devices capable of placing such arrays deep within the cochlea for maximum frequency range capability will also be developed, and automatic closed-loop positioning systems for use during insertion and, perhaps, during use will be considered.  The goal is to combine position sensors based on either polysilicon/diamond strain gauges or ultrasonic devices with pneumatic positioning actuators using micromilled backing tubes to create closed-loop position control, allowing the adaptive setting of stimulus levels and profiles.  

Approach and Methodology:

We plan to first develop flexible arrays with polysilicon strain gauges for electrode array bending and wall contact, evaluating their accuracy while collaborating with MTU on insertion devices.  We will then evaluate diamond strain gauges and develop arrays with on-chip electronics.  Different wall-contact-sensing technologies will be evaluated as a basis for an integrated articulated array.

Role in Supporting the Strategic Plan and Testbeds:

This project develops the electrode positioning system needed by the cochlear testbed.  It links strongly with both Michigan State (diamond piezoresistive strain gauges) and Michigan Tech (pneumatic positioning tubes) as well as with colleagues in the Kresge Hearing Research Institute.

Results and Accomplishments:

Based upon the first set of silicon electrode arrays, second-generation silicon electrode arrays with integrated position sensors were successfully designed, fabricated, and calibrated using polysilicon as the strain gauge and interconnect material.  Arsenic-doped polysilicon sensors of high impedance were obtained by ion-implantation. The mask set includes electrode arrays, soak test cables, and test chips. Two designs for chronic 32-channel bonding/circuit areas were utilized in order to bond the sensor array to standard PC boards for testing. The shanks of these two types of arrays are 12.5mm- and 10mm-long.  Eight strain gauge sensors having lengths of 930µm and widths of 18µm are distributed uniformly down the middle of the shank covering the first 8mm from the tip. The sensor shown in Fig. 1a is used for detecting wall contact at the tip. Also, eight wall contact sensors (Fig. 1b) are used along the two edges of the shank.  Each sensor output was routed back to the backend along with a shared ground.  Reference resistors for the curvature, tip, and wall contact sensors were integrated on the backend as shown in Fig. 1c.  
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Other related issues are also being studied in this mask set. The position- and wall-sensing system was integrated with an eight-site stimulation array in one design. Poly-diamond sensors prepared by MSU were also used to replace the polysilicon sensors after resizing. Soak test cables were prepared with four types of top dielectric layers: an LPCVD dielectric stack, low-temperature oxide (LTO), a composite stack of LPCVD dielectrics and LTO, and poly-diamond. In addition, a test chip was fabricated to study the related material properties. The test chip provided some fundamental material and contact properties for our process. The minimum feature size is 3µm. The sheet resistance of the polysilicon interconnects was 23.5ohm/sq and the sheet resistance of the poly-diamond was about 1.1Mohm/sq. The As-doped ion-implantation polysilicon sensors for various implant doses had measured sheet resistances of 4.23kΩ/sq, 30.2kΩ/sq, and 21.3kΩ/sq.  Ohmic contacts were observed for both polySi:gold and polySi:Al. 
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An integrated position-sensing system (Fig. 2) was set up to demonstrate the positioning signals that could be obtained.  It is composed of the passive position-sensing array, a breadboard multiplexer and amplifier circuit, and a LabVIEW interface.  The eight curvature sensors are connected to the reference sensors during continuous clock cycles to form half of a wheatstone bridge structure; the output voltage is differentiated and amplified by an instrumentation amplifier.  The sensors along one of the probes are shown in Fig. 3.  A consistent linear relationship between the output voltage and curvature is seen. The gauge factor of the polysilicon sensors on this array averages 13.8. 

Relevance to Other Work:

Although all cochlear electrode arrays today use insertion tools, none have on-board position sensing and none are capable of in-vivo actuation.  No other similar research is known.  
Plans for the Coming Year: 
The design of a position-sensing probe with active circuitry integrated on the rear of the structure will be completed.  These electrode arrays will be fabricated in-house. They are expected to be part of an integrated closed-loop sensing and control system consisting of a microcontroller, the electrode array, and a pneumatically-actuated backing device. In parallel, research into coating materials and backing devices will be conducted.  In-vivo implants will be started this year based upon initial in-vitro experiments.
Expected Milestones and Dates:

•
Fabrication of the two generations of guinea pig passive arrays with position-sensing systems
(completed )

•  Calibration of the passive position-sensing arrays with breadboard circuits                
(ongoing)

•
Demonstration of extracting position-sensing signals of curvature and tip from the latest passive arrays by an integrated system with LabVIEW interface
(ongoing)

•
Evaluation of poly-diamond for use in position-sensing system and as encapsulation by soak tests
(ongoing)

•
Well-defined feedback for closed-loop positioning-control by backing devices inside the cochlea
        (12/1/03)

•
In-vitro and in-vivo implants of the passive electrode arrays with integrated position-sensing systems
        (1/1/04)

•
Design, in-house fabrication, and testing of the position-sensing system with on-chip active circuitry
(5/1/04)

•
Updated demonstration system for active position-sensing arrays with backing devices
        (6/1/04)

Expected Contributions, Deliverables, and Company Benefits:

•
Evaluation of diamond as encapsulation for electrode arrays; improved protection for implantable transducers

•
Evaluation of diamond for sensing electrode position in the cochlea; new functionality for cochlear implants / improved strain gauges for a broad range of applications

•
Development of an articulated insertion tool molded on integrated electrode arrays with position sensing; improved frequency range / new actuation structures for broad use / prototype for next-generation prostheses

•
Development of distributed sensors for position and tip contact; less insertion trauma 

•
Testing of the electrode position sensing arrays in a guinea pig animal model; prelude to human trials



Fig. 3 A linear relationship between the output voltage and curvature for the curvature sensors














































































































Fig. 2: The block diagram of testing system for passive positioning-sensing array





Fig. 1: Components of fabricated silicon electrode arrays with position-sensing systems: (a) A tip sensor; (b): A wall contact sensor; (c): Reference tip, wall contact, and curvature sensors on the backend of the array.
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