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Flexible Display Flaw Fixed 
 
WEST LAFAYETTE, Ind., July 28, 2008 -- A critical flaw to producing 
transistors for flexible displays from networks of carbon nanotubes -- 
namely that the metallic nanotubes in the network can cause short circuits -
- has been overcome by changing the way such nanotube circuits are made. The advance may 
allow carbon nanotube transistors to be used to create high-performance, shock-resistant, 
lightweight, flexible and inexpensive integrated circuits for applications including flexible displays 
and electronic "skins."  
 
The so-called "nanonet" technology -- circuits made of numerous carbon nanotubes randomly 
overlapping in a fishnet-like structure -- has been plagued by a critical flaw: The network is 
contaminated with metallic nanotubes that cause short circuits. A recent discovery solves this 
problem by cutting the nanonet into strips, preventing short circuits by breaking the path of 
metallic nanotubes.  
 
"This is a fundamental advance in how nanotube circuits are made," said Ashraf Alam, a 
professor of electrical and computer engineering at Purdue University. He is working with 
Kaushik Roy, Purdue's Roscoe H. George Professor of Electrical and Computer Engineering, 
and doctoral students Ninad Pimparkar and Jaydeep P. Kulkarni.  
 
Researchers at the University of Illinois at Urbana-Champaign led experimental laboratory 
research to build the circuits, and Purdue led research to develop and use simulations and 
mathematical models needed to design the circuits and to interpret and analyze data.  
 
Findings are detailed in a research paper appearing in the July 24 edition of the journal Nature. 
The paper was written by the Purdue engineers and University of Illinois researchers: John A. 
Rogers, Founder Professor of Materials Science and Engineering and a professor of chemistry; 
Moonsub Shim, Racheff Assistant Professor of Materials Science and Engineering; and doctoral 
students Qing Cao, Hoon-sik Kim and Congjun Wang.  

Two flexible circuits created using carbon 
nanotubes in research at Purdue University and 
the University of Illinois at Urbana-Champaign. 
The researchers have overcome a major 
obstacle in producing transistors from networks 
of carbon nanotubes, a technology that could 
make it possible to print circuits on plastic sheets 
for applications including flexible displays and an 
electronic skin to cover an entire aircraft to 
monitor crack formation. (Image courtesy 

University of Illinois at Urbana-Champaign) 

"These findings represent the culmination of four years of collaborative efforts between the 
Illinois and Purdue groups," Rogers said. "The work established the fundamental scientific 
knowledge that led to this particular breakthrough and the ability to make circuits."  
 
The nanonets are made of tiny semiconducting cylinders called single-walled carbon nanotubes. 
Metallic nanotubes form unavoidably during the process of making carbon nanotubes. These 
metal tubes then link together in meandering threads that eventually stretch across the width of 
the transistor, causing a short circuit.  
 
"Other researchers have proposed eliminating the metallic nanotubes," Rogers said. "Instead, 
we found a very nice way of essentially removing the effect of these metallic nanotubes without 
actually eliminating them."  
 
The researchers created a flexible circuit containing more than 100 transistors, the largest 
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nanonet ever produced and the first demonstration of a working nanonet circuit, Alam said.  
 
"Now there is no fundamental reason why we couldn't develop nanonet technologies," he said. 
"If you can make a flexible circuit with 100 transistors, you can make circuits with 10,000 or more 
transistors."  
 
The advance may allow researchers to use carbon nanotube transistors to create high-
performance, shock-resistant, lightweight and flexible integrated circuits at low cost, Alam said. 
 
A key advantage of the nanonet technology is that it can be produced at low temperatures, 
enabling the transistors to be placed on flexible plastic sheets that would melt under the high 
temperatures required to manufacture silicon-based transistors, he said.  
 
Possible applications include an electronic skin that covers an aircraft and automatically 
monitors the formation of cracks to alert technicians and prevent catastrophic failures.  
 
Such shape-conforming electronics are not possible using conventional silicon-based circuits, 
which are manufactured on rigid wafers or glass plates.  
 
"Now electronics are flat, which limits their utility since most objects in real life are not flat," Roy 
said.  
 
Flexible displays could be integrated into automotive windshields to provide information for 
drivers. Other potential applications include "electronic paper" that displays text and images, 
solar cells that could be printed on plastic sheets and television screens capable of being rolled 
up for transport and storage.  
 
"For these types of applications, manufacturers might literally print, or stamp, circuits onto plastic 
sheets, like the roll-to-roll printing used to print newspapers," Alam said.  
 
Conventional circuits for flat panel televisions contain transistors made of materials called 
polysilicon or amorphous silicon, which cannot be used in flexible applications.  
 
Nanonet transistors are promising for so-called macroelectronics because they are best suited 
for large-scale applications, but these transistors may not be as well suited for the requirements 
of microelectronic circuits, such as those in computer chips, Alam said.  
 
The nanotubes are arranged randomly and overlap each other like tiny needles. If the nanonet 
area is large enough, the overlapping metallic nanotubes will eventually form a meandering 
string across the entire transistor, causing a short circuit. But if the device is segmented into 
strips, this meandering path of metallic rods is cut at the point where the lines separate one strip 
from another, preventing short circuits.  
 
The metallic nanotubes make up about one-third of the nanotubes in the transistor. Because the 
carbon nanotubes are twice as numerous as the metallic tubes, enough of them exist to form a 
complete circuit. The models and simulations are needed to tell researchers precisely how wide 
to make the strips so that the pathway of metallic tubes is cut but the carbon nanotubes 
complete their circuit.  
 
"The theory and simulation work done at Purdue shows there is always a way to break the 
metallic path and still keep the semiconducting carbon-nanotube path intact," Alam said. "The 
teams at Illinois and Purdue continuously provide insights about why things work the way they 
do and how to make them work better through combined modeling and experimental efforts."  
 
Each nanonet transistor consists of numerous strips of nanotubes, separated bylines that are 
etched in place. The lines are easy to create with a standard etching process used in the 
semiconductor industry.  
 
Future research may include work focusing on learning the reliability of the carbon nanotube 
circuits. 
 
The research has been funded by the National Science Foundation through the Network for 
Computational Nanotechnology at the Birck Nanotechnology Center in Purdue's Discovery Park. 
The Illinois portion of the research also was funded and supported by the NSF, U.S. Department 
of Energy, Motorola Corp., and by the university's Frederick Seitz Materials Research Lab, the 
Center for Microanalysis of Materials and the Department of Chemistry.  
 
For more information, visit: www.purdue.edu  

 

 
Most Active Topics  

led driver market  

Need Optsim,pls !  

SERS  

Theoretical Blueprint for Invisibility Cloak Reported  

Boeing laser weapon 

Photonics Spectra | June 2008  

Powerful Femtosecond Laser 
Induces ‘Electrical Effects’  
during Thunderstorms  

Highly Conductive and Color-Coded 
Carbon Nanotubes Produced  

Etching with Gold Enables Improved 
Deep-UV Antireflective Optics  

Image-Processing Methods 
Reconstruct Archival Audio 
Recordings  

No Longer Walking the Line 

 
The Photonics Handbook is a unique collection of 
technical design and applications articles, as well as 
technology primers presenting the basics of the photonics 
technology.  

Nd:YAG Lasers 
Standing the Test of Time  

Materials for Optical Coating Deposition 
A Wide Selection Is Available  

Vibration Control 
Dealing with Workplace Problems  

Complete Table of Contents 

Laser Blamed, Drugs Eyed  

Stained Glass Solar Panels  

Crystals Key to Cloaking  

Photovoltaic Valley  

Light Pulse Speed Record Set 

Page 2 of 3Flexible Display Flaw Fixed

7/29/2008http://www.photonics.com/content/news/2008/July/28/92710.aspx



 
 

 
 
 
 

 
Start a discussion on this article or any photonics topic in the Photonics.com Community 
Forum  
 
More News and Features 

On-chip Microscope Developed  

NEMS Scale Weighs Gold Atom  

SC Laser Beam Sharpened  

Lockheed Acquiring Aculight  

Telescope Embedded in Lens 

 

Related Searches 

nanonet  

flexible  

circuit  

carbon nanotube  

Home | About Us | Advertising Info | News & Features | Photonics Spectra | Photonics Directory | Photonics Dictionary | Subscriptions | Contact Us | Top of Page  
 

Laurin Publishing provides comprehensive worldwide coverage of the photonics industry: optics, lasers, imaging, fiber optics, electro-optics, and photonic component manufacturing. 
 

© 1996-2008 Laurin Publishing. All rights reserved.  
 

Photonics.Com is Registered with the U.S. Patent & Trademark Office.  
 

Privacy Policy  | Terms and Conditions of Use  
Reproduction in whole or in part without permission is prohibited.  

webmaster@laurin.com 

 

 
 
Directory Home | Buyers' Guide | Corporate Guide  

    
 
Search the online version of the most comprehensive 
directory in the industry. 
 
Subscribe to the Print Directory | Update Your Listing 

Enter search term By Company

Page 3 of 3Flexible Display Flaw Fixed

7/29/2008http://www.photonics.com/content/news/2008/July/28/92710.aspx


