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ELECTROCHEMICAL MICRO TECHNOLOGIES FOR POLYMERIC MEMS AND SENSORS
Rakefet Ofek Almoga, Yelena Sverdlov a and Yosi Shacham-Diamanda
a Department of Physical Electronics, Tel Aviv University , Tel-Aviv, Israel

e-mail: ofek.almog@gmail.com
The overall objective of our research is to develop polymeric based MEMS technologies for medical and healthcare sensor applications. We focus on various methods of integration of both organic and inorganic conductors on polymeric substrates. 

Over the last two decades,  a great deal of research was concerned with patterning of polymer films which can be used as components in molecular electronics, optical devices, etch resists, biosensors and as scaffolds for tissue engineering and fundamental studies in cell biology. In addition to their electrical properties, they offer attractive mechanical properties, such as flexibility and immune to cracking.

Among the polymers, the conjugated organic polymers are especially attractive since they offer several advantages over the metals and the conventional inorganic semiconductors, such as more facile processing and ease of adjusting the conductivity in a wide range. They can be considered as potential alternatives to the metals and semiconductors as connecting wires and conductive channels, which can be used as active materials in optoelectronics, microelectronics, micro electromechanical systems (MEMS) and sensors.
 Results:

We developed a photolithography process for electrodes on organic substrate with conductive polymers. Moreover, selective electrochemical polymerization of polypyrrole was performed, first on smooth surfaces of Si covered with Cr /Au layers and then inside 1 m wide trenches and a uniform coating was achieved.

Electro polymerization was performed by cyclic voltametry technique. In the reverse of the first cycle cathodic process and accordingly considerable cathodic current appears.

An implanted flexible cuff electrode for signal pickup from peripheral nerves was fabricated. This design suggests creation on a photo-definable polyimide or SU-8 layer. The device boundaries are defined by lithography. Then the conductive seed layer is deposited by PVD. Active electrodes are made by electrolytic deposition of Au after electrode area selection in the openings in covering polyimide

Electro deposition (electro-polymerization) was used also in most recent embodiment of the technology in which polypyrrole was deposited onto Au PVD template from the monomer solution. The polypyrrole is reinforcing the Au wires and electrically shunting the interconnects, increasing thereby the device durability and reliability, especially under stress conditions such as electrode multiple bending. (Fig. 1).
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Future extension of the research may be far reaching by its application to medical and healthcare investigations and treatment. Interfacing biological materials with MEMS devices may make it possible for microelectrode sensors and MEMS devices to be inserted and act as implanted. This possibility may carry a high application potential. 
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Fig 1: Flexible electrodes using polypyrrole (PPy)










