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FLEXIBLE PHOTOVOLTAIC: Transfer printing makes a 10-by-10 array of gallium
arsenide solar cells on flexible plastic possible.
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NEWS

Thin-Film Trick Makes Gallium Arsenide Devices
Cheap

Rubber-stamping makes creating solar cells, transistors, and infrared
detectors easy

BY ARIEL BLEICHER // MAY 2010

19 May 2010—Researchers led by John Rogers at the University of Illinois at
Urbana-Champaign have invented a cheaper way to build devices—including solar
cells and infrared cameras—using highly efficient but notoriously pricey compound
semiconductors. Their method, reported in the journal Nature, involves growing
stacks of thin films of semiconductor, peeling off the films one by one, and printing
them onto cheaper substrates, such as silicon or glass.

Silicon is the stuff of computer chips, but if you want to build the fastest transistor or
the most efficient LED, compound semiconductors—such as gallium arsenide
(GaAs) or gallium nitride—are your best bet. In solar cells, for instance, ”gallium
arsenide is more efficient than anything known to man,” says Rogers, a materials
engineer. Some GaAs solar cells can convert about 40 percent of the sun’s energy
into electricity, while silicon cells max out at about 20 percent efficiency.

The problem is that compound semiconductors are much more expensive than
silicon. A 6-inch wafer of gallium arsenide costs about US $200, whereas a 200-
millimeter wafer of silicon goes for roughly $40. So Rogers and his colleagues
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researched a new way to manufacture compound semiconductors and came up with
a process that he says could make GaAs-based solar panels commercially
competitive for utilities.

The process began with a wafer of GaAs, which the researchers placed in a
chamber for growing films. But rather than grow a single layer on top of the wafer,
they grew a multilayer tower, ”like a stack of pancakes,” Rogers says. The stack
alternated between GaAs layers and aluminum arsenide (AlAs) layers. Later they
etched away the AlAs layers using hydrofluoric acid, unbinding the GaAs films and
making them easier to pick off and transfer to another substrate.

But handling these films—whose thicknesses range from a couple of hundred
nanometers to a few micrometers—is no easy feat. ”There’s no good way to
manipulate the material once you release it from the wafer,” Rogers says. ”If you try
to manipulate the pancakes with tweezers or a robotic system, it’s almost impossible
to do without breaking them.” So engineers typically avoid removing the film and
build devices directly on the wafers.

Using the whole wafer rather than just the thin film on top poses two problems. First,
because it’s difficult to grow large high-quality wafers of compound semiconductors
in a way that’s cost-effective, they aren’t manufactured bigger than six inches (15.25
centimeters) in diameter. This limits, for example, how big you can make solar cells.
Second, wafers of compound semiconductors are much more expensive than the
thin films needed to build the devices. Using a new wafer for each new set of
devices quickly multiplies the cost of building them.

TAGS: GALLIUM ARSENIDE // SOFT LITHOGRAPHY
// THIN FILMS

JAYNA SHEATS 05.20.2010
I'm not sure how much good it will do, but Clayzermk1 should be encouraged to think more
quantitatively. Of course the solar panels will be recycled: First Solar (which of course uses
toxic Cd and rare Te, among other elements) has promised to take all  of its panels back
when they are no longer functional or useful. The form of PV modules (as well as the scale of
deployment) makes this relatively easy to do. Secondly, why should you be alarmed by
something which will last 20-30 years before recycling, when the aluminum cans last a few
months at most?!! And finally, why should you assume the product will only last 20-30
years? Silicon PV modules rarely fail  at 30 years; most in the field today are still useful,
regardless of age.

CLAYZERMK1 05.20.2010
How "green" can something be that you can't recycle or reclaim, is made out of gallium and
arsenic, and will have to be disposed of in 20-30 years? Then consider that gallium is chiefly
produced by refining raw aluminum ore (bauxite) which means that aluminum continues to be
mined instead of recycled. What is the deal?

Type the two words:

http://spectrum.ieee.org/semiconductors/materials/thinfilm-trick-makes-gallium-arsenide-devices-cheap/0
javascript:Recaptcha.reload ();
javascript:Recaptcha.switch_type('audio');
http://recaptcha.net/popuphelp/
http://spectrum.ieee.org/webinar/312390
http://spectrum.ieee.org/slideshow/semiconductors/materials/where-are-they-now
http://spectrum.ieee.org/automaton/robotics/robotics-software/052010-microsoft-shifts-robotics-strategy-makes-robotics-studio-available-free
http://spectrum.ieee.org/energywise/energy/fossil-fuels/facing-our-flow-with-bps-live-spillcam
http://spectrum.ieee.org/tag/computers
http://spectrum.ieee.org/tag/consumer electronics
http://spectrum.ieee.org/tag/energy
http://spectrum.ieee.org/tag/environment
http://spectrum.ieee.org/tag/government
http://spectrum.ieee.org/tag/innovation
http://spectrum.ieee.org/tag/nanotechnology
http://spectrum.ieee.org/tag/NASA
http://spectrum.ieee.org/tag/semiconductors
http://spectrum.ieee.org/tag/Silicon Valley
http://spectrum.ieee.org/tag/solar power
http://spectrum.ieee.org/tag/space
http://spectrum.ieee.org/slideshow/semiconductors/materials/where-are-they-now
http://spectrum.ieee.org/slideshow/semiconductors/materials/where-are-they-now
http://spectrum.ieee.org/slideshow/semiconductors/materials/where-are-they-now
http://spectrum.ieee.org/slideshow/semiconductors/materials/where-are-they-now
http://spectrum.ieee.org/slideshow/semiconductors/materials/where-are-they-now
http://spectrum.ieee.org/slideshow/semiconductors/materials/where-are-they-now
http://spectrum.ieee.org/semiconductors/devices/first-exciton-integrated-circuit-built
http://spectrum.ieee.org/semiconductors/devices/first-exciton-integrated-circuit-built
http://spectrum.ieee.org/semiconductors/devices/first-exciton-integrated-circuit-built
http://spectrum.ieee.org/semiconductors/devices/first-exciton-integrated-circuit-built
http://spectrum.ieee.org/semiconductors/devices/first-exciton-integrated-circuit-built
http://spectrum.ieee.org/semiconductors/devices/first-exciton-integrated-circuit-built
http://spectrum.ieee.org/semiconductors/devices/first-exciton-integrated-circuit-built
http://spectrum.ieee.org/automaton/robotics/robotics-software/052010-microsoft-shifts-robotics-strategy-makes-robotics-studio-available-free
http://spectrum.ieee.org/automaton/robotics/robotics-software/052010-microsoft-shifts-robotics-strategy-makes-robotics-studio-available-free
http://spectrum.ieee.org/automaton/robotics/robotics-software/052010-microsoft-shifts-robotics-strategy-makes-robotics-studio-available-free
http://spectrum.ieee.org/automaton/robotics/robotics-software/052010-microsoft-shifts-robotics-strategy-makes-robotics-studio-available-free
http://spectrum.ieee.org/automaton/robotics/robotics-software/052010-microsoft-shifts-robotics-strategy-makes-robotics-studio-available-free
http://spectrum.ieee.org/automaton/robotics/robotics-software/052010-microsoft-shifts-robotics-strategy-makes-robotics-studio-available-free
http://spectrum.ieee.org/automaton/robotics/robotics-software/052010-microsoft-shifts-robotics-strategy-makes-robotics-studio-available-free
http://spectrum.ieee.org/energywise/energy/fossil-fuels/facing-our-flow-with-bps-live-spillcam
http://spectrum.ieee.org/energywise/energy/fossil-fuels/facing-our-flow-with-bps-live-spillcam
http://spectrum.ieee.org/energywise/energy/fossil-fuels/facing-our-flow-with-bps-live-spillcam
http://spectrum.ieee.org/energywise/energy/fossil-fuels/facing-our-flow-with-bps-live-spillcam
http://spectrum.ieee.org/energywise/energy/fossil-fuels/facing-our-flow-with-bps-live-spillcam
http://spectrum.ieee.org/energywise/energy/fossil-fuels/facing-our-flow-with-bps-live-spillcam
http://spectrum.ieee.org/energywise/energy/fossil-fuels/facing-our-flow-with-bps-live-spillcam
http://spectrum.ieee.org/energywise/energy/fossil-fuels/facing-our-flow-with-bps-live-spillcam
http://spectrum.ieee.org/energywise/energy/policy/senate-energy-bill
http://spectrum.ieee.org/energywise/energy/policy/senate-energy-bill
http://spectrum.ieee.org/energywise/energy/policy/senate-energy-bill
http://spectrum.ieee.org/energywise/energy/policy/senate-energy-bill
http://spectrum.ieee.org/energywise/energy/policy/senate-energy-bill
http://spectrum.ieee.org/energywise/energy/policy/senate-energy-bill
http://ad.doubleclick.net/click;h=v8/39a2/0/0/%2a/j;219510404;0-0;0;35851135;237-250/250;34114366/34132247/1;;~sscs=%3fhttp://twitter.com/IEEESpectrum
http://spectrum.ieee.org/tag/gallium+arsenide
http://spectrum.ieee.org/tag/soft+lithography
http://spectrum.ieee.org/tag/thin+films
http://event.on24.com/event/11/54/67/rt/index.html?eventid=115467&sessionid=1&key=B723484B60AF8483BDC9E07BA41129A8&eventuserid=18316439


IEEE Spectrum: Thin-Film Trick Makes Gallium Arsenide Devices Cheap

http://spectrum.ieee.org/semiconductors/materials/thinfilm-trick-makes-gallium-arsenide-devices-cheap/2[5/22/2010 1:39:41 PM]

Photo: John Rogers/University of Illinois at Urbana-Champaign

SCATTERED SOLAR CELLS: A new trick for forming thin films peels off piles of gallium
arsenide solar cell chips.
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Thin-Film Trick Makes Gallium Arsenide Devices
Cheap

Rubber-stamping makes creating solar cells, transistors, and infrared
detectors easy

BY ARIEL BLEICHER // MAY 2010

Rogers and his coworkers figured that if they could reuse the wafer to make
subsequent stacks of films, they could drastically reduce material costs. They just
needed a way to remove the films from the wafer without damaging them.

To do this, they used a printing technique Rogers calls ”transfer printing,” which he
and his colleagues have been perfecting for about a decade. They took a specialized
stamp made of soft rubber, which, when pressed onto a stack of GaAs films and
quickly lifted, picks up only the top layer. They could then deposit the film onto any
substrate, such as a sheet of plastic, by stamping the film onto the surface and
peeling the rubber back very slowly, or sometimes by adding a little adhesive. They
were then able to build devices—including transistors, solar cells, and infrared
cameras—on the substrates, leaving the wafer intact and ready for a new batch of
film.

”This is beautiful work,” says Ali Javey, an assistant professor of electrical
engineering at the University of California, Berkeley, who was not involved in the
research. ”It represents an important breakthrough for photovoltaics and
optoelectronics.” From a cost perspective, Javey says, ”it makes gallium arsenide
look very attractive for photovoltaics.”

TAGS: GALLIUM ARSENIDE // SOFT LITHOGRAPHY
// THIN FILMS

PAGE 1 2  // VIEW ALL

http://ieee.org/
http://ieee.org/
http://ieee.org/
http://www.ieee.org/web/services/general/sitemap.html
http://careers.ieee.org/
http://spectrum.ieee.org/
http://spectrum.ieee.org/semiconductors/materials/thinfilm-trick-makes-gallium-arsenide-devices-cheap/1
http://spectrum.ieee.org/semiconductors/materials/thinfilm-trick-makes-gallium-arsenide-devices-cheap/0
http://spectrum.ieee.org/aerospace
http://spectrum.ieee.org/biomedical
http://spectrum.ieee.org/computing
http://spectrum.ieee.org/consumer-electronics
http://spectrum.ieee.org/energy
http://spectrum.ieee.org/green-tech
http://spectrum.ieee.org/robotics
http://spectrum.ieee.org/semiconductors
http://spectrum.ieee.org/telecom
http://spectrum.ieee.org/at-work
http://spectrum.ieee.org/geek-life

http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4770249&arnumber=4770388&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4770249&arnumber=4770388&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4770249&arnumber=4770388&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4770249&arnumber=4770388&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4770249&arnumber=4770388&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4770249&arnumber=4770388&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4770249&arnumber=4770388&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4622935&arnumber=4623072&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4622935&arnumber=4623072&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4622935&arnumber=4623072&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4622935&arnumber=4623072&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4622935&arnumber=4623072&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4622935&arnumber=4623072&punumber=
http://ieeexplore.ieee.org/stamp/stamp.jsp?isnumber=4622935&arnumber=4623072&punumber=
http://spectrum.ieee.org/webinar/
http://spectrum.ieee.org/webinar/1531081
http://spectrum.ieee.org/webinar/1531081
http://spectrum.ieee.org/webinar/1531081
http://spectrum.ieee.org/webinar/1440134
http://spectrum.ieee.org/webinar/1440134
http://spectrum.ieee.org/webinar/1440134
http://spectrum.ieee.org/webinar/1429770
http://spectrum.ieee.org/webinar/1429770
http://spectrum.ieee.org/webinar/1429770
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars#comments
http://spectrum.ieee.org/energywise/energy/fossil-fuels/gas-up-coal-and-co2-down-sharply
http://spectrum.ieee.org/energywise/energy/fossil-fuels/gas-up-coal-and-co2-down-sharply#comments
http://spectrum.ieee.org/riskfactor/computing/it/ibm-denies-that-it-will-cut-75-of-workforce-by-2017
http://spectrum.ieee.org/riskfactor/computing/it/ibm-denies-that-it-will-cut-75-of-workforce-by-2017#comments
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/riskfactor/green-tech/advanced-cars/how-secure-is-your-new-car-about-the-same-as-your-pc
http://spectrum.ieee.org/automaton/robotics/humanoids/051610-kokoro-i-fairy-robot-conducts-wedding-in-japan
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/energywise/energy/fossil-fuels/gas-up-coal-and-co2-down-sharply
http://spectrum.ieee.org/energywise/energy/fossil-fuels/gas-up-coal-and-co2-down-sharply
http://spectrum.ieee.org/energywise/energy/fossil-fuels/gas-up-coal-and-co2-down-sharply
http://spectrum.ieee.org/energywise/energy/fossil-fuels/gas-up-coal-and-co2-down-sharply
http://spectrum.ieee.org/energywise/energy/fossil-fuels/gas-up-coal-and-co2-down-sharply
http://spectrum.ieee.org/energywise/energy/fossil-fuels/gas-up-coal-and-co2-down-sharply
http://spectrum.ieee.org/energywise/energy/fossil-fuels/gas-up-coal-and-co2-down-sharply
http://spectrum.ieee.org/riskfactor/computing/it/ibm-denies-that-it-will-cut-75-of-workforce-by-2017
http://spectrum.ieee.org/riskfactor/computing/it/ibm-denies-that-it-will-cut-75-of-workforce-by-2017
http://spectrum.ieee.org/riskfactor/computing/it/ibm-denies-that-it-will-cut-75-of-workforce-by-2017
http://spectrum.ieee.org/riskfactor/computing/it/ibm-denies-that-it-will-cut-75-of-workforce-by-2017
http://spectrum.ieee.org/riskfactor/computing/it/ibm-denies-that-it-will-cut-75-of-workforce-by-2017
http://spectrum.ieee.org/riskfactor/computing/it/ibm-denies-that-it-will-cut-75-of-workforce-by-2017
http://spectrum.ieee.org/riskfactor/computing/it/ibm-denies-that-it-will-cut-75-of-workforce-by-2017
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/consumer-electronics/gadgets/backyard-star-wars
http://spectrum.ieee.org/riskfactor/green-tech/advanced-cars/how-secure-is-your-new-car-about-the-same-as-your-pc
http://spectrum.ieee.org/riskfactor/green-tech/advanced-cars/how-secure-is-your-new-car-about-the-same-as-your-pc
http://spectrum.ieee.org/riskfactor/green-tech/advanced-cars/how-secure-is-your-new-car-about-the-same-as-your-pc
http://spectrum.ieee.org/riskfactor/green-tech/advanced-cars/how-secure-is-your-new-car-about-the-same-as-your-pc
http://spectrum.ieee.org/riskfactor/green-tech/advanced-cars/how-secure-is-your-new-car-about-the-same-as-your-pc
http://spectrum.ieee.org/riskfactor/green-tech/advanced-cars/how-secure-is-your-new-car-about-the-same-as-your-pc
http://spectrum.ieee.org/automaton/robotics/humanoids/051610-kokoro-i-fairy-robot-conducts-wedding-in-japan
http://spectrum.ieee.org/automaton/robotics/humanoids/051610-kokoro-i-fairy-robot-conducts-wedding-in-japan
http://spectrum.ieee.org/automaton/robotics/humanoids/051610-kokoro-i-fairy-robot-conducts-wedding-in-japan
http://spectrum.ieee.org/automaton/robotics/humanoids/051610-kokoro-i-fairy-robot-conducts-wedding-in-japan
http://spectrum.ieee.org/automaton/robotics/humanoids/051610-kokoro-i-fairy-robot-conducts-wedding-in-japan
http://spectrum.ieee.org/automaton/robotics/humanoids/051610-kokoro-i-fairy-robot-conducts-wedding-in-japan
http://spectrum.ieee.org/automaton/robotics/humanoids/051610-kokoro-i-fairy-robot-conducts-wedding-in-japan
http://ad.doubleclick.net/click;h=v8/39a2/0/0/%2a/t;223959846;0-0;1;35851135;3454-728/90;36722523/36740401/1;;~sscs=%3fhttp://www.ansoft.com/hpes/
http://spectrum.ieee.org/static/magazine/
http://spectrum.ieee.org/multimedia/
http://spectrum.ieee.org/blogs/
http://spectrum.ieee.org/static/special-reports/
http://spectrum.ieee.org/static/newsletters
http://spectrum.ieee.org/webinar/
http://event.on24.com/event/11/54/67/rt/index.html?eventid=115467&sessionid=1&key=B723484B60AF8483BDC9E07BA41129A8&eventuserid=18316439
http://spectrum.ieee.org/static/rss
http://spectrum.ieee.org/static/rss
http://spectrum.ieee.org/semiconductors
http://spectrum.ieee.org/semiconductors/materials
http://spectrum.ieee.org/tag/gallium+arsenide
http://spectrum.ieee.org/tag/soft+lithography
http://spectrum.ieee.org/tag/thin+films
http://spectrum.ieee.org/semiconductors/materials/thinfilm-trick-makes-gallium-arsenide-devices-cheap/1
http://spectrum.ieee.org/semiconductors/materials/thinfilm-trick-makes-gallium-arsenide-devices-cheap/0


IEEE Spectrum: Thin-Film Trick Makes Gallium Arsenide Devices Cheap

http://spectrum.ieee.org/semiconductors/materials/thinfilm-trick-makes-gallium-arsenide-devices-cheap/2[5/22/2010 1:39:41 PM]

Name

Email

URL

Comment

Comments will appear after moderation 

Reducing Physical Verification
Cycle Times

Available Now.  Sponsored by Mentor…

Calibre Solutions for Advanced
DRC

Available Now.  Sponsored by Mentor…

computers  consumer electronics  energy
environment  government  innovation

nanotechnology  NASA

semiconductors  Silicon Valley solar power

space

SEMICONDUCTORS:
12.31.2009
Where Are They
Now?

We took a walk down memory lane to see
what's happened…

SEMICONDUCTORS: 06.01.2008
First Exciton Integrated
Circuit Built

Exciton ICs would negate the need to
convert optical…

ROBOTICS:
05.20.2010
Microsoft Shifts
Robotics Strategy,

Makes Robotics…

Microsoft ups the ante on robotics with new -
- and now…

ENERGY: 05.21.2010
Facing Our Flow
with BP's Live
Spill-Cam

A better estimate of the Gulf spill's flow rate,
due…

ENERGY: 05.21.2010
Senate Energy Bill

Given the costs of setting a price on carbon,
is the…

JAYNA SHEATS 05.20.2010
I'm not sure how much good it will do, but Clayzermk1 should be encouraged to think more
quantitatively. Of course the solar panels will be recycled: First Solar (which of course uses
toxic Cd and rare Te, among other elements) has promised to take all  of its panels back
when they are no longer functional or useful. The form of PV modules (as well as the scale of
deployment) makes this relatively easy to do. Secondly, why should you be alarmed by
something which will last 20-30 years before recycling, when the aluminum cans last a few
months at most?!! And finally, why should you assume the product will only last 20-30
years? Silicon PV modules rarely fail  at 30 years; most in the field today are still useful,
regardless of age.

CLAYZERMK1 05.20.2010
How "green" can something be that you can't recycle or reclaim, is made out of gallium and
arsenic, and will have to be disposed of in 20-30 years? Then consider that gallium is chiefly
produced by refining raw aluminum ore (bauxite) which means that aluminum continues to be
mined instead of recycled. What is the deal?
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