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TECHNOLOGY ADVANCES seeks materials developments 

on the threshold of commercialization. 
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The pitch
Thin-fi lm photovoltaics (PVs) offer an 
affordable alternative to silicon photo-
voltaics. However, thin-fi lm technolo-
gies face many challenges including con-
cerns about toxicity as is the case with 
cadmium telluride (CdTe)-based PV and 
diffi culties in scale-up as evidenced by 
copper indium gallium diselinide based 
PV. Organic photovoltaic (OPV) cells 
printed on fl exible substrates are free 
of toxic materials and cost competitive 
since they can be manufactured by roll-
to-roll processes. In addition, OPVs have 
improved performance in low light, can 
be transparent and colorful, and are more 
fl exible and lower in weight than cur-
rent PV. 
 OPV technology has grown dur-
ing the past decade with cell effi cien-
cies quadrupling. To date, the highest 
NREL-certifi ed number for OPV cells 
is 8.6% as reported by the University 
of California–Los Angeles. Solarmer 
Energy, a developer of OPV, has been 
at the forefront of this technology and 
has demonstrated four world record ef-
fi ciencies in the last two years. 
 With the recent growth of mobile de-
vices, tablets, and e-readers, the prospect 
of having conveniently accessible por-
table power has rapidly progressed into a 
much sought-after commodity. Because 
of its light weight and fl exibility, OPV 
can be integrated into portable electronic 
devices with minimal increase in weight. 
OPV opens new markets for products 
that were not possible for traditional PV. 
For example, in the outdoor products 
market, gear for hiking and camping can 
be redesigned to incorporate electrical 
power generation.

The technology
In an OPV cell, various functional lay-
ers are deposited in a stacked structure, 
which upon light absorption produces 
electrical power. The heart of this stack 
is the active layer comprised of donor 

Opportunities 

Solarmer understands the importance of 
collaboration as a key strategy for accelerat-
ing the development of OPV and therefore 
welcomes co-development opportunities. 
The company’s mission is to commercialize 
a low-cost and clean source of energy with 
OPV. It is evaluating opportunities for col-
laboration in module development as well as 
in manufacturing, and anticipates manufac-
turing OPV modules jointly with a partner. 
The company anticipates OPV module 
production to begin in 2012.
 Source: Ruby Chen, 
Research Engineer, Solarmer Energy, Inc., 
3445 Fletcher Avenue, El Monte, CA 91731; 
626-456-8090; fax 626-456-8082; 
email rubyc@solarmer.com; 
www.solarmer.com.

and acceptor materials with 
energy levels that must be 
properly matched in order 
to maximize the power con-
version effi ciency (PCE). 
Low-bandgap polymers 
with absorption extending 
into the infrared region are 
optimal for increasing PCE. 
In addition, the energy lev-
els are tuned to increase the 
open-circuit voltage (VOC) 
without sacrifi cing the cur-
rent density and fi ll factor 
(ratio of actual maximum 
obtainable power to theo-
retical power). Solarmer 
currently has a portfolio of more than 50 
polymers with effi ciencies ranging from 
6% to more than 8.5% in a wide range of 
voltages, colors, and transparencies. 
 Many research groups are targeting 
the design and synthesis of ideal do-
nors with optimal characteristics. This 
involves carefully positioning the high-
est occupied molecular orbital level to 
achieve high VOC while maintaining an 
ideal bandgap of 1.5 eV for effi cient 
charge transfer. The polymer must also 
have an optimal molecular weight and 
adequate solubility in organic solvents. 
Slight modifi cations to the conjugated 
polymer backbone such as addition of 
alkyl chains (containing C and H atoms) 
have been shown to improve polymer 
solubility. In the last three years, So-
larmer has consistently improved the 
OPV cell effi ciency. The effi ciency of 
laboratory-scale cells has increased from 
around 5% in 2008 to more than 8% cur-
rently, and is expected to break the 10% 
mark by 2012. This is expected to enable 
OPV to directly compete with other thin-
fi lm PV cells for affordable and portable 
energy generation. 
 In addition to materials development, 
Solarmer is focusing on production tech-
nology development to bridge the gap 
between laboratory-scale and produc-
tion grade effi ciency for OPV. A pilot 

line to develop roll-to-roll processes for 
producing OPV has been built (shown 
in the fi gure). The process shares many 
similarities with traditional printing 
and coating. However, low viscosity of 
inks, low fi lm thicknesses, precise edge 
alignment of all the functional layers, 
and high fi lm uniformity make the roll-
to-roll process for OPV challenging. The 
company anticipates small-scale produc-
tion of its OPV for initial applications in 
portable power to begin by the second 
half of 2012. 

High-performance 
polymers for fl exible OPV 
raise cell effi ciencies

Solarmer’s roll-to-roll pilot production line for the manufac-
ture of organic photovoltaic modules.
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