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Commercializing Nanotechnology
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PSU NNIN Site Overview

Faculty and Students:
30+ faculty and 200+ Ph.D. students conducting 
research in major PSU centers and programs 
funded by NSF, DOD, and industry on diverse 
materials ranging from molecules to oxides

Facilities & Instruments:
three integrated user-accessible fabrication and 
metrology laboratories that occupy 10,000+ sq. ft. 
of clean and semi-clean space for specialized 
instruments that complement research strengths

Materials, processes & techniques:
state-of-the-art materials, fabrication processes, 
and metrology techniques developed at PSU are 
shared openly with assistance from technical staff 
who form a bridge between researchers

1. Chemical & molecular 
nanofabrication and 
metrology

2. Nanowire synthesis 
and directed assembly

3. Amorphous & organic 
thin film materials and 
devices

4. Complex oxide 
materials and devices

Materials Research Institute
strengths in materials and nanotechnology
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New Bottom-Up Nanomanufacturing
Methods
M. Li, R. Bhiladvala, T. Morrow, J. M. Redwing, C. D. Keating, & T. S. Mayer, 
Penn State University, University Park, PA

NNIN is a vehicle for transferring bottom-up nanowire synthesis and 
directed assembly from research laboratories to user community

nanowires resonator array

Si

Rh

SiNWs: Q~4,500
RhNWs: Q ~1,150

SiNW resonator

Researchers at the PSU NNIN developed a 
new high-yield directed assembly method 
to fabricate arrays having over 2,000 single-
nanowire devices.  The nanowires were 
synthesized and chemically functionalized 
before they were integrated on a silicon 
chip at predetermined locations.  PNA 
probe molecules attached to the nanowires 
retained their binding selectively after the 
array was assembled.

M. Li, et al.,Nature Nano.3, 88-92 (2008). 
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High-frequency Biomedical 
Ultrasound
X. Jiang & W. Hackenberger, TRS Technologies, Inc., State College, PA

Patterning and reactive ion etching of micron-scale high-aspect ratio 
complex oxide materials enables higher resolution ultrasound  

The PSU NNIN site is being used for 
micromachining bulk piezoelectrics to 
fabricate micron-scale high-aspect 
ratio 2-2 and 1-3 PMN-PT single 
crystal/epoxy composites for high 
frequency  ultrasound transducers 
used for medical imaging and
industrial non-destructive evaluation. 

The electromechanical coupling 
coefficients of the composites are > 
0.7 at 20-60 MHz. Transducers 
fabricated using these composites 
have unprecedented performance and 
are being commercialized for next 
generation coronary intravascular 
ultrasound (IVUS) imaging catheters

50 m

Courtesy of Boston Scientific

Courtesy of Boston Scientific

PZT TRS PC-MUT

40 GHz PC-MUT 
IVUS has 2x the 
bandwidth and 
sensitivity of PZT



Lateral Collection Nanostructured Solar Cell
Handong Li and David Stone, 

Solarity Inc and NanoHorizons

State College, PA

Scanning electron microscope image (top 
view) of nanostructured solar cell fabricated 
at the PSU NNIN site. An illustration of the 
device cross -section and operation is shown 
(right).

In a joint venture, Solarity Inc. and 
NanoHorizons are developing a 

prototype of lateral collection solar cell 
based on infiltration of nanoscale 

protrusions that will yield high 
performance at low cost. 

PSU NNIN site being used to develop prototype 
nanostructured lateral collection solar cell  

PSU



PSU NNIN site used to deposit porous 
organosilicate films by plasma enhanced 

chemical vapor deposition using alternative 
precursors developed at Air Products

Porous OSG Films by PECVD

Ray Vrtis
Air Products and Chemicals Inc., 
Allentown,  PA

New OSG films developed using PECVD with 
alternative liquid source precursors 


