PHYS 19X

Daylight damage-saving time
December 2 2019

OPV device; ITO/ZnO/P3HT:EH-IDTBR/PEDOT/Au
e | — |‘ '

100 h

Peel off the Au electrede  Film on glass substrate;

with Cellel® ITO/ZNO/EH-IDTBR:P3HT
12 UV-Vis absorption spectra of Extracted EH-IDTBR
| control L
10 no-irradiation 15%10° L . S _
== —AM1.5100 h 9 A
g G I 1.0x10" ;//D k] ® apgv o A
- E 2 N"s"N B R=2ethylhexyl |
Q I |-5-0x10] ‘
S 06 0.0 L
-g i 1270 1280 1290 1300 1310 1320 1330 1340 1350
wn 04 Jl-mlirra i:ae ; ' ‘ I ‘
3 ek N 1324.563
0.2 )
10010° . N -
tg By, ? \5
0.0 L L 1 I 1 e ox10°t \“"; ke O. i _gNa\
300 400 500 600 700 800 N RiR .]=Hmymexy| ‘
Wavelength (nm) 00 i ‘

1270 1280 1290 1300 1310 1320 1330 1340 1350

Analytical results and method for organic solar cell after 100 h light irradiation
Credit: Kanazawa University

Researchers at Kanazawa University have performed a detailed
investigation of the molecular mechanisms by which organic solar cells
suffer damage as they are exposed to sunlight. This research has
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important implications for developing next-generation solar panels that
combine high efficiency, low cost, and long device lifetimes.

Solar power represents an important element of future renewable energy
solutions. Historically, solar panels have tended to be inefficient or else
too expensive for most homeowners to consider installing. A new class
of solar cells that utilizes layers of carbon-based polymers offers
efficiency of up to 10%—which is considered the minimum for
practical use—at an affordable price point. The primary remaining
obstacle to wide adoption of these new photovoltaics is the short lifetime
of these devices because cumulative damage from the sun tends to erode
their performance. Owing to the multilayer nature of the devices, it is
often difficult to identify molecular mechanisms by which this
degradation of efficacy occurs over time.

Now, based on the results of current-voltage curves, impedance
spectroscopy, and UV-VIS spectrophotometry, a research team at
Kanazawa University has determined an important factor that can cause
reduced performance. Similar to the way your carbon-based skin cells
can get a nasty sunburn from the sun's ultraviolet light after a day at the
beach, the researchers found that the fragile organic molecules in the
semiconducting layer can be damaged from exposure.

"We found that damage from UV light increased the electrical resistance
of the organic semiconductor layer," first author Makoto Karakawa says.
This led to reduced current flow and thus an overall decrease in
efficiency. Using a method known as matrix assisted laser
desorption/ionization time-of-flight, the researchers determined the
likely degradation products from solar damage. When some sulfur atoms
in the materials get replaced by oxygen atoms from the atmosphere, the
molecules no longer function as intended.

"While new organic semiconductor materials have allowed us to
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drastically increase overall efficiency, we found that they tend to be
more fragile to UV damage," senior author Kohshin Takahashi explains.
Based on this understanding, it may be possible to design more robust
devices that still maintain their high energy conversion rate, which is an
important step to making solar an even larger portion of renewable
energy generation.

More information: Makoto Karakawa et al, Factors contributing to
degradation of organic photovoltaic cells, Organic Electronics (2019).
DOI: 10.1016/j.0rgel.2019.105448
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