Design of imperceptible plastic
electronics make flexible
electronic devices promising

he inside of a computer or a mobile

phone contains a stiff circuit board
that is green in color, is crammed with
chips, resistors, capacitors, and sockets,
and is interconnected by a suburban
sprawl of printed wiring. What if the
circuit board was not rigid, but flexible
enough to fold?

Now, Michael Drack of Johannes
Kepler University in Austria, T. Sekitani
of the University of Tokyo and their col-
leagues have designed a highly reliable,
flexible, and stretchable sub-2-pm sen-
sor using organic conductors with similar
electrical resistance as metals. Metals are
excellent conductors, but are mechani-
cally mismatched to polymer substrates.
Polymer conductors, on the other hand,
have elastic moduli comparable to those

of thin-film poly(ethylene terephthalate)
(PET) substrates, making them interesting
for stretchable and elastic conductors.
As reported in the January 7 issue
of Advanced Materials (DOI: 10.1002/
adma.201403093; p. 34), the researchers
used a 1.4-um-thick PET foil temporarily
attached to a reusable support substrate
foil—125-pum-thick PET covered
with a thin poly(dimethylsiloxane)
adhesion layer (see Figure)—to allow
all-planar device fabrication and avoid
subsequent defect-free peeling or trans-
fer of the completed device to a pre-
stretched elastomer. The researchers
prepared samples of thin-film conduc-
tor strips of an organic conductor made
of poly(3,4-ethylenedioxythiophene):
poly(styrene sulfonate) (PEDOT:PSS) and
various metals (silver, gold, and copper)
on the ultrathin PET foil with 3 nm adhe-
sion layers of various metals and ultra-
thin PET. The samples were stretched
up to 50% with a strain rate of 0.94%/s

Imperceptible
electronics

Pre-stretched elastomer

The electronic foil is transferred onto a pre-stretched elastomer (left, middle) forming out-of-plane
wrinkles upon release (right). Reprinted with permission from Wiley-VCH Verlag GmbH & Co. KGaA,

Weinheim. © 2014.
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while continuously recording the resis-
tance. All the metal conductors where
cycled up to 1000 times (Ag, Au, and
Cu) or until failure (Al ca. 400 times);
the conducting polymer PEDOT:PSS
was fatigued up to 10,000 cycles. Au,
Cu, and PEDOT:PSS were found to
be highly reliable, withstanding 1000
stretch cycles for the metals, and 10,000
for the polymer conductor without fail-
ure. In addition, the resistance slightly
increased by 30% over the course of
10,000 cycles. However, the researchers
found no indication of fracture of the
PEDOT:PSS. The resistance increase
may be attributed to the operation in
ambient air and the potential water up-
take during fatigue.

“The main advantage of our approach
is the planar fabrication of our stretch-
able interconnects and the easy transfer
on mechanically stretchable substrates,”
says Drack. This work “is just a first
step toward a novel technology platform
with the thinnest and most flexible circuit
boards,” he says.

Such highly reliable transparent elec-
trodes form the basis of new avenues for
the design of complex, hybrid rigid-is-
land stretchable-interconnect electronic
devices such as light-emitting diode
strips that can be stretched and twisted
without impairing their function. Such
materials are in demand in applica-
tions in textiles, wearable as glasses,
and inner organs like hearts where flex-
ibility, compliance, weight, and soft-
ness are important to next-generation
electronic devices.

Jean L. Njoroge

Large grain size may improve
efficiency of perovskite solar cells

research team from Los Alamos

National Laboratory (LANL) has
created large grain perovskite photovolta-
ics that have power-conversion efficiencies
of up to 18%. The films are defect-free,
have high crystallinity and, significantly,
show hysteresis-free device operation.

Perovskite photovoltaics are or-
ganic—inorganic hybrids such as
CH,;NH,PbX,—where X is a ha-
lide—that are in the perovskite crystal
phase. They are more attractive than
the conventional silicon-based solar
cells due to their cost-effective fabri-
cation and high power-conversion ef-
ficiency. However, they have issues of
stability and reproducibility and exhibit
persistent hysteresis during device op-
eration. Therefore, the article published

in the January 30 issue of Science
(DOI: 10.1126/science.aaa0472; p.
522), by lead authors Aditya Mohite
and Hsing-Lin Wang and colleagues at
LANL, represents a significant develop-
ment in moving toward cheap, commer-
cially viable perovskite photovoltaics.
To create a uniform perovskite film,
an equimolar solution of Pbl, and meth-
ylamine hydrochloride were dissolved
in a high-boiling-point solvent such as
N,N-dimethylformamide (DMF), heated
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to 70°C and cast onto a substrate main-
tained at 180°C. This was then spin-
coated for 15 s. Using this “hot cast-
ing” process, the team was able to attain
grain sizes as large as 1-2 mm with the
required composition and morphology.
(The average conventional grain size is
1-2 um.) A high-boiling-point solvent
such as DMF allows excess solvent to
be present during substrate heating, al-
lowing for the growth of larger grain
sizes. This method may be industrially
scalable for the production of large-ar-
ea crystalline thin films. The solution

composition, choice of solvent, and
substrate temperature were optimized
for best performance.

The highest power-conversion efficien-
cy was observed for grain sizes of 180 pm.
Large grain sizes reduce the interfacial area
between grains, reducing charge trapping
and hysteresis during device performance.
They further have low defect concentra-
tions allowing for unimpeded movement
of charge carriers for longer durations.
“The optical and transport properties of
these perovskites are comparable to that
of the state-of-the-art high-quality direct
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(a) Optical image of large grain-size organometallic perovskite film; (b) current-voltage sweep
of a typical large grain perovskite solar cell showing no hysteresis. Credit: Wanyi Nie, Hshinhan

Tsai, and Aditya Mohite.

bandgap semiconducting materials like
GaAs,” says Mohite. The researchers
further tested these arguments with op-
toelectronic simulations that confirmed
the high crystalline quality of the large
grain perovskites. The device modeling
used drift and diffusion equations to fit the
experimentally observed current—voltage
curves under solar cell operation to extract
charge carrier mobility.

The short-circuit current density, the
open-circuit voltage, and the fill factor
measured for the device are close to
the upper limit predicted by Shockley-
Queisser, demonstrating reduced re-
combination of photogenerated charge
carriers. Henry Snaith of the University
of Oxford, who was not associated with
this work, said that “this is a very in-
teresting article which demonstrates
that perovskite solar cells could evolve
toward a multi-crystalline morphology
typically seen in silicon solar cells. This
approach could ultimately lead to very
high efficiencies due to elimination of
losses at grain boundaries.” Due to in-
novative fabrication, approaches such as
these perovskite solar cells may one day
lead to high-efficiency, low-cost solar
modules.

Vineet Venugopal

For daily Materials News updates, visit www.materialsnews360online.com

Making a simple nanodot

At MIT, seeing is learning as well as believing
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Belle Dumé | Nanotech | Web | Published: 01 April 2015

Researchers at Lund University in Sweden are the first to have
succeeded in producing semiconducting nanowires in which
they can controllably produce exactly one “polytype” nanodot.
Polytype nanodots are the simplest of all nanodots and are useful
for studying fundamental physics theories. They might also be
used in photovoltaics applications.

Behind the Scenes at the Nanosys Quantum Dot
Factory in Silicon Valley
Tekla Perry | IEEE Spectrum | Published: 01 April 2015

Soon, Samsung’s first Quantum Dot televisions begins shipping to
consumers; Hisense plans to start rolling quantum dot televisions
off its manufacturing lines mid-year, and other TV manufacturers,
including TCL, Skyworth, ChangHong, Sharp, and LG also have
unveiled quantum dot TVs that will likely come to market soon.

Mark Feeney | Boston Globe | Published: 02 April 2015

It took a long time for photography to be considered art. It’s always
been technology. The medium as intersection of art and technology
are on display at the MIT Museum (a fitting location) in “Images of
Discovery: Communicating Science Through Photography.” The show
runs through March 1 of next year.

Artificial membrane system uses
fluid-filled pores for smooth moving

Laurel Hamers | Materials Research Society | Published: 09 April 2015

Artificial membrane systems are used to separate materials in commer-
cial and industrial applications, but these synthetic membranes often
fall short compared to their natural counterparts. Their pores can clog,
their surfaces can foul, and they can’t always separate a wide range
of materials with the necessary precision. Certain natural membrane
systems avoid these problems by using fluids to help regulate transport
of materials. Now, researchers from Harvard University have co-opted
this strategy to create an artificial fluid-gated membrane system. Their
results provide a clean and energy-efficient way to separate materials.
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