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For ideal solar cell, no charge
accumulation should occur.
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However, in actual solar cells,
what happens?

imulated solar irradiation

Microscopic analysis of organic-based solar cells

by detecting charge accumulation during device operation
The sites can be clarified by an unique ESR parameter g factor

for the material.

Light-induced ESR signals of PTB7:PC,,BM cells Analysis of ESR signals of PTB7:PC,,BM cells
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Charge accumulation in high-efficiency PTB7:PC,,BM polymer
solar cells during device operation

. Kubodera et al,, ACS Applied Materials & Interfaces 10 (2018) 26434.

Origin of the broad component

Hole accumulation at polymer chain ends with bromine
Light-induced ESR study of -
P3HT:PCBM solar cells

7. Nagamori and K. Marumoto,
Adv. Mater. 25 (2013) 2362

Y. Tamai et al, Adv. Energy
Mater. 6 (2016) 1600171.

D. Son et al, Appl. Phys. Lett.
109 (2016) 133301
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Polymer-chain ends with bromine explain the broad component.
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Mechanism of the decrease in
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One photon creates hole and electron,
which are collected by electrodes.

...Charges accumulation occurs.
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Broad and narrow components under both conditions
are identified from the fitting calculation of ESR spectra.

T. Kubodera et al., ACS Applied Materials & Interfaces 10 (2018) 26434.

Spin density distribution for a cation in PTB7 w/o and w/ Br
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Large spin density on bromine
large g factor and
large ESR linewidth

T. Kubodera et al., ACS Applied Materials & Interfaces 10 (2018) 26434.
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ESR study of PTB7:PC,,BM solar cells

with bromine

ESR study of perovskite solar cells

spiro-OMeTAD and device performance
Hole accumulation in the cell varies the
device performance

Intrinsic device operation mechanism
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Optical system: light irradiation area > ¢ = 12 mm

Field modulation frequency: 100 kHz
Detection of charges with lifetime > 10 ps|

measurements of ESR and device performance

Number of accumulated charges and performance
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A clear correlation between the increase in the broad component
and the decreases in the device performance J, and V,,

Charge accumulation contributes the performance deterioration
of high-efficiency PTB7:PC,,BM polymer solar cells.

T. Kubodera et al., ACS Applied Materials & Interfaces 10 (2018) 26434.

Mechanism of the decrease in J,.
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J,. decreases as N, increases
because of carrier scattering by
accumulated holes.

Intrinsic deterioration mechanism
K. Harada et al, Appl. Phys. Lett. 91.(2007) 092118,
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