
AUTOMATED PRODUCTION OF PATTERNED MICRO/ NANOWIRES BY ELECTROPLATE AND LIFT (E&L) LITHOGRAPHY 

Lori A. Lepak1, Samuel Hempel1*, Andrew Zimmerman1*, Anirudha V. Sumant2, Ralu Divan2, Suzanne Miller2, Daniel Rosenmann2, Timea Hohl1, Alan Marten3, and Michael P. Zach1
1Department of Chemistry
University of Wisconsin -- Stevens Point
Stevens Point, WI 54481
2Center for Nanoscale Materials
Argonne National Laboratory, 9700 South Cass Ave., Argonne, IL  60439
3Marten Machining
Stevens Point, WI 54481
* denotes undergraduate student

INTRODUCTION
	
Electroplate-and-Lift (E&L) Lithography(1) has been developed as a fast, simple, scalable technique for the controlled, solution-based, electrochemical synthesis of patterned metallic and semiconducting nanowires.  E&L uses a robust, non-sacrificial template made of ultrananocrystalline diamond (UNCD) to quickly mass-produce nanowires of controllable diameters, from a wide range of materials.  Nanowires may be lifted off the surface by applying an adhesive polymer, to regenerate a pristine electrode for subsequent depositions.  Because the template is not sacrificial, and requires no any additional vacuum or clean room processing after the initial fabrication of the template, the complete manufacturing cycle is shortened to minutes. This may allow inexpensive fabrication of nanowires for many technological applications, with minimal equipment and entry-level personnel. 
	The structure of the E&L template is shown in figure 1.  It consists of alternating layers of insulating, intrinsic UNCD and electrically conductive nitrogen-incorporated UNCD (N-UNCD). The intrinsic UNCD layers are used to electrically isolate the top and bottom surfaces of the N-UNCD layer from the electrochemical bath and the substrate. The diamond layers are lithographically patterned, and reactive ion etched through the stack to expose the N-UNCD layer only at the edges of the patterns. This effectively confines the initial nucleation of nanowires to the edges of the 80 nm thick N-UNCD layer. By increasing the deposition time,
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Figure 1. Schematic of electroplating of a nanowire on an exposed edge of NUNCD  
nano/microwires with larger, monodisperse, controlled diameters up to 10 microns have been produced.(2)

EXPERIMENTAL

Details of the fabrication process for UNCD templates(1), and of the electrodeposition procedures for many materials(1-4) have previously been reported.  Saturated solutions of bismuth nitrate and tellurium were mixed in varying ratios to produce a series of electroplating solutions.  Wire morphology and composition were analyzed using scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS).  The instrument for roll-to-roll production of nano/microwires was built by Marten Machining.
 
RESULTS

E&L electrodeposition has been successfully performed for nano/microwires of 27 elemental metals, semiconductors, and conductive polymeric materials, from both aqueous and ionic liquid solutions. In alloy systems such as copper-tin bronze(3) and bismuth telluride(4), control over the wire composition is achieved by control of the electroplating solution composition (figure 2). 
[image: wire composition]
Figure 2. Relationship between wire composition and electroplating solution composition in copper-tin bronze(3) and bismuth telluride(4)
[bookmark: _GoBack]	An automated, roll-to-roll system for electroplating and removal is currently under development (figure 3). Calculations suggest that this roll-to-roll system will enable either the production of patterned wires with diameters between 100 nm and 10 microns at an approximate rate of 5 grams per day, or of a single wire less than 1 micron in diameter at a rate of about 1 kilometer per day.  
[image: Machine pic] [image: ] Figure 3. a) Schematic of machine for automated E&L production of nano/microwires  b) Fully released copper microwires produced by this tool, suspended in water
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