



Nanoparticle Technology Program


Nanoparticles are widely considered important building blocks for new materials and devices in nanotechnology.  Impressive examples include Nanoparticle-based materials that have been synthesized with hardnesses rivaling or even exceeding that of diamond.  Nanostructured silicon thin films incorporating 1-3 nm diameter silicon nanocrystals are intensely studied as promising material for more stable solar cells.  Small crystalline nanoparticles already find applications, for instance, in solid-state-lighting, and in new electronic devices such as floating gate transistors for nonvolatile memory.


Our group of investigators focuses on a broad range of aspects of Nanoparticle technology around the synthesis of free-standing nanoparticles and nanostructured materials from nanoparticles.  Our efforts concentrate on superhard coatings and novel semiconductor materials with improved or modified electronic properties.


Our studies of superhard materials involve the synthesis of nanoparticles by nucleation in thermal plasma arcs and their hypersonic impaction on substrates.  This process forms dense, nanostructured films.  Films consist either of a mixture of 5-10 nm-sized crystalline grains of two different materials or of nanocrystalline grains of one material in an amorphous matrix of a second material.  We investigate various combinations of the elements B, C, N, Si, Ti.  Our interdisciplinary group studies the interconnected problems of the particle formation and deposition process, the micromechanical film properties, and the influence of interfaces between nanoparticles.


Studies of electronic materials involve the synthesis of free-standing nanoparticles and the co-deposition of crystalline nanoparticles and amorphous films in nonthermal plasma CVD resulting in mixed phase films.  We foresee a wide range of new applications for these materials such as solar cells with improved efficiency (Si nanocrystals in amorphous hydrogenated silicon), non-volatile memory devices (Si crystals in silicon oxide), or electroluminescent devices (Si crystals in silicon nitride).  Our research aims at understanding the particle formation and film deposition process, relating process conditions to the films’ electronic and micromechanical properties, and tailor-making nanoparticles and mixed phase films with properties needed for device applications.


Our research team emphasized collaborative, inter-disciplinary research and many of our graduate students are co-advised by faculty from different departments.

Principal Investigators and their primary areas of expertise:

	Uwe Kortshagen (Mechanical Eng.)

           Program Co-Leader
	Nanoparticle synthesis, characterization

	Eray Aydil (CEMS)

           Program Co-Leader
	NP/NW materials for solar cells

	William Gerberich
	Miromechanical characterization, nano-indentation

	Steven Girshick
	Particle nucleation modeling, thermal plasma CVD

	Joachim Heberlein
	Thermal plasma arc technology, thermal plasma CVD

	David Norris (CEMS)
	Colloidal NPs


Contact
To learn more about the Nanoparticle Technology program & IPRIME, contact Bob Lewis, Director of Technology Transfer, at 612-625-1269 or lewis@cems.umn.edu.  
Please visit the IPRIME website at www.iprime.umn.edu



