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Organic Transistors. Researchers produce
high performance field-effect transistors with
thin films of Carbon 60

Georgia Tech researchers have fabricated high-performance field effect
transistors with thin films of Carbon 60, also known as fullerene. Credit:
Georgia Tech Photo: Gary Meek

Using room-temper atur e processing, resear chers at the Georgia I nstitute of Technology have
fabricated high-performance field effect transistorswith thin films of Carbon 60, also known as
fullerene. The ability to produce devices with such performance with an organic semiconductor
represents another milestone toward practical applicationsfor large area, low-cost electronic cir cuits
on flexible organic substrates.

The new devices — which have el ectron-mobility values higher than amorphous silicon, low threshold
voltages, large on-off ratios and high operational stability — could encourage more designers to begin
working on such circuitry for displays, active electronic billboards, RFID tags and other applications that
use flexible substrates.

“If you open atextbook and ook at what a thin-film transistor should do, we are pretty close now,” said
Bernard Kippelen, a professor in Georgia Tech’s School of Electrical and Computer Engineering and the
Center for Organic Photonics and Electronics. “Now that we have shown very nice single transistors, we
want to demonstrate functional devicesthat are combinations of multiple components. We have everything
ready to do that.”

Fabrication of the C60 transistors was reported August 27th in the journal Applied Physics Letters. The
research was supported by the U.S. National Science Foundation through the STC program MDITR, and
the U.S. Office of Naval Research.

Researchers have been interested in making field-effect transistors and other devices from organic
semiconductors that can be processed onto various substrates, including flexible plastic materials. Asan
organic semiconductor material, C60 is attractive because it can provide high electron mobility —a measure
of how fast current can flow. Previous reports have shown that C60 can yield mobility values as high as six
square centimeters per volt-second (6 cm2/V/s). However, that record was achieved using a hot-wall
epitaxy process requiring processing temperatures of 250 degrees Celsius—too hot for most flexible plastic
substrates.

Though the transistors produced by Kippelen’ s research team display slightly lower electron mobility — 2.7
to 5 cm2/V/s—they can be produced at room temperature.

“If you want to deposit transistors on a plastic substrate, you really can’'t have any process at atemperature
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of more than 150 degrees Celsius,” Kippelen said. “With room temperature deposition, you can be
compatible with many different substrates. For low-cost, large area €l ectronics, that is an essential
component.”

Because they are sensitive to contact with oxygen, the C60 transistors must operate under a nitrogen
amosphere. Kippelen expects to address that limitation by using other fullerene molecules — and properly
packaging the devices.

The new transistors were fabricated on silicon for convenience. While Kippelen isn’t underestimating the
potential difficulty of moving to an organic substrate, he says that challenge can be overcome.

Though their performance isimpressive, the C60 transistors won't threaten conventional CMOS chips
based on silicon. That’s because the applications Kippelen hasin mind don’t require high performance.

“There are alot of applications where you don’t necessarily need millions of fast transistors,” he said. “The
performance we need is by far much lower than what you can get in a CMOS chip. But whereas CMOSis
extremely powerful and can be relatively low in cost because you can make alot of circuits on awafer, for
large area applications CMOS is not economical.”

A different set of goals drives electronic components for use with low-cost organic displays, active
billboards and similar applications.

“If you look at avideo display, which has arefresh rate of 60 Hz, than means you have to refresh the screen
every 16 milliseconds,” he noted. “That isafairly low speed compared to a Pentium processor in your
computer. Thereisno point in trying to use organic materials for high-speed processing because silicon is
aready very advanced and has much higher carrier mobility.”

Now that they have demonstrated attractive field-effect C60 transistors, Kippelen and collaborators
Xiao-Hong Zhang and Benoit Domercq plan to produce other el ectronic components such as inverters, ring
oscillators, logic gates, and drivers for active matrix displays and imaging devices. Assembling these more
complex systems will showcase the advantages of the C60 devices.

“The goal isto increase the complexity of the circuits to see how that high mobility can be used to make
more complex structures with unprecedented performance,” Kippelen said.

The researchers fabricated the transistors by depositing C60 molecul es from the vapor phase into athin film
atop a silicon substrate onto which a gate electrode and gate dielectric had aready been fabricated. The
source and drain electrodes were then deposited on top of the C60 films through a shadow mask.

Kippeen's team has been working with C60 for nearly ten years, and is also using the material in
photovoltaic cells. Beyond the technical advance, Kippelen believes this new work demonstrates the
growing maturity of organic electronics.

“This progress may trigger interest among more conventional electronic engineers,” he said. “Most
engineers would like to work with the latest technology platform, but they would like to see alevel of
performance showing they could actually implement these circuits. If you can demonstrate — as we have —
that you can get transistors with good reproducibility, good stability, near-zero threshold voltages, large
on-off current ratios and performance levels higher than amorphous silicon, that may convince designersto
consider this technology.”

Source: Georgia lnstitute of Technology
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