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72%, with most polymers falling far
short of that.

the team of researchers from Ar-
gonne, northwestern university, South
university of Science and technology
of china, the university of malaga
(Spain), and the Polyera corp. devel-
oped polymers that enable the produc-
tion of solar cells with fill factors of 76 to
80%, the highest ever achieved. that
leads to a power conversion efficiency
of 8.7%, but the researchers say further
adjustments should bring that to above
10%. the eventual goal, they say,
would be to create polymer solar cells
with 15% power conversion efficiency. 

the polymers the researchers cre-
ated were poly[5-(2-hexyldodecyl)-1,3-
thieno[3,4-c]pyrrole-4,6-dione-alt-5,5-(2

,5-bis(3-dodecylthiophen-2-yl)-thio-
phene)] (PtPd3t) and poly[n-(2-hexyl-
dodecyl)-2,2′-bithiophene-3,3′-dicarboxi
mide-alt-5,5-(2,5-bis(3-decylthiophen-2-
yl)-thiophene)] (Pbti3t). they com-
bined these electron donating polymers
with fullerene (“bucky ball”) electron ac-
ceptors in films to create bulk hetero-
junction solar cells. in such solar cells,
light striking the material creates exci-
tons in the polymers, which can be split
into positive and negative charges at
the intersection between the polymer,
acting as an electron donor, and
fullerene molecules, acting as an elec-
tron acceptor. the positive charges in
the polymers and the electrons in the
fullerene clusters in the films then flow
to the solar cell's respective electrodes

three factors contribute to the
power conversion efficiency of all types
of solar cells, including polymer solar
cells: the short-circuit current, the open-
circuit voltage, and the fill factor. Fill
factor is the ratio of the maximum
power available from the solar cell to
the product of the short-circuit-current
and open-circuit voltage. 

Although increasing conversion ef-
ficiency can be achieved by adjusting
the polymer properties to improve ei-
ther the short-circuit current or the
open-circuit voltage, the two properties
may compromise each other. ulti-
mately, raising the fill factor is a key to
boost cell power conversion efficiency,
but the best result researchers had
been able to achieve in the past was

TURNING UP THE POWER IN ORGANIC SOLAR CELLS

S olar cells are an important component of renewable energy, and poly-
mer solar cells are particularly attractive for some uses. they’re light-
weight and flexible, so they’re easily integrated with architecture, and

they can be manufactured on plastic surfaces using inexpensive roll-to-roll
printing. Polymer solar cells, however, lag behind their silicon counterparts in
their efficiency at converting sunlight to electricity. now, based on experiments
carried out at the APS, researchers have reported a new approach to boost-
ing that efficiency, potentially making them more practical and cost effective.

Fig. 1. A schematic of a solar cell (top right) shows a glass substrate coated with indium tin oxide, a
layer of polymer sandwiched between zinc oxide and molybdenum oxide, and a silver contact on
top. X-ray scattering revealed the organization of the polymer molecules (left) with the blue ribbons
of PCbm arranged in stacks that, together with π-π stacking, allows charge to move more easily.
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to provide power. enhancing the ease
with which excitons split and charge
carriers transport through the material
and reducing the probabilities for the
positive and negative carriers to recom-
bine will improve the fill factor, and
hence the solar cell efficiency.

using XSd beamline 8-id-e at the
APS, the team made grazing incident x-
ray scattering measurements that al-
lowed them to study the orientation and
arrangement of the molecules in the
thin bulk heterojunction films on an
electrode substrate. though the mole-
cules of a polymer are not as ordered
as those in a silicon crystal, they were
found to be arranged in an orderly
enough fashion in one dimension to
have polymer aligned at the interface.
the polymers, the researchers found,
were arranged in ribbons, stacked flat
on top of the electrode in an arrange-
ment known as π-π stacking. the
arrangement creates a periodic struc-
ture that allows positive charge carriers
to move from ribbon to ribbon easily,
thus improving the carriers’ mobility and
maximizing the contacts with the elec-
trode to enhance the charge collection
efficiency.

the fullerenes, however, tend to
form big clusters and interrupt the poly-
mer stacking, so the team looked at
what happened when they added 1,8-
diiodooctane (dio) to the mix. the dio
caused the fullerenes to be dispersed

more evenly among the polymer rib-
bons. because the intersection be-
tween fullerenes and polymer is where
the charge carriers are most likely to
separate into positive and negative, dis-
persing the fullerene more regularly to
create an optimal number of these junc-
tions to allow more excitons to split into
charge carriers effectively.  

many parameters of the materials
that go into polymer solar cells can be
adjusted to improve performance, and
not all the mechanisms that work
against high efficiency are fully under-
stood, but the researchers say their
demonstration that they can enhance
the fill factor to record levels means that
the devices, which have doubled their
efficiency in the last five years, will con-
tinue to improve.

– Neil Savage
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