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Voltage Loss Mechanism in Polymer Solar Cells

KA S - 7k R - T3 Bk
Hideo OHKITA, Toshiharu SAITO, Yasunari TAMAI
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Herein, we have studied photon energy loss (Eloss) in open-circuit voltage (Voc) of various polymer solar cells with different offset
energies at a donor/acceptor interface. The Eloss is defined as Eloss = Eg — gVoc where Ej is an optical energy gap of the photovoltaic
(PV) material and q is elementary charge. This energy loss is due to radiative and nonradiative recombination of charge carriers in
solar cells. In order to evaluate the radiative recombination loss, we analyzed external quantum efficiency (EQEpv) spectra of the PV
cells. Asaresult, we found that the radiative recombination loss is decreased with decreasing offset energy. This is because a small
EQEpv shoulder due to interfacial charge transfer (CT) state is more clearly observed in addition to EQEpv tail below the £ for polymer
solar cells with larger offset energies. Such additional EQEpv signals result in larger radiative recombination losses. We further
evaluated the nonradiative recombination loss by measuring EQEEL of electroluminescence (EL) of the polymer solar cells. As a
result, we found that the nonradiative recombination loss is decreased especially for the device with a negligibly small offset energy.
This is because radiative CT transition is strongly enhanced by hybridization of locally excited (LE) and CT states due to such a small
offset energy. We therefore conclude that both radiative and nonradiative recombination losses could be minimized by using
donor/acceptor materials with a small offset energy.
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Figure 1. Chemical structures of materials employed in this
study: a) PTB7-Th, b) PBDB-T (X = H), ¢c) PM6 (X =F), d)
PSBTBT, ¢) PC71BM, f) ICBA, g) bis-PCBM, h) IDFBR, i)
IDT-2BR, j) ITIC (X =Y =CHs), k) IT-M (X=H, Y = CHz),
1) IT-DM (X =Y = CHs), m) di-PDI, n) Y1, 0) Y5 (X = H),
and p) Y6 (X =F).
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Table 1. Photovoltaic parameters of PTB7-Th/Acceptor
and Donor/Yn solar cells.

Donor/ Jsc/mA  Voc/ FF PCE Eloss
Acceptor cm \Y% /% / eV
PIT]fl:;I;h/ 607 1129 0357 245 0515
I;?_Z;;/ 1154 1056 0511 619 0.592
Pig;;zh/ 1037 1017 0542 571 0631
;gg% 1020 0972 0504 500 0.673
PITTB.173_1\T/[h/ 1382 0892 0546 671 0755
P“g??;fh/ 1389 0846 0557 655 0.799
PTII?;I_CTh/ 1257 0812 0483 493 0830
P;C%E\;l/ 1445 0785 0610 691 0863
PZ?;;ﬂF/ 1007 0748 0389 294  0.898

PM6/Y1 1510 0940 0549 7.82 0518

PM6/Y5 1197 0964 0.574 6.65 0.498

PM6/Y6 2542  0.840 0.698 1490 0.580

PBDB-T/Y1 2259 0.868 0.638 12.51 0.589

PBDB-T/YS 20.69 0.870 0.587 10.59 0.592

PBDB-T/Y6 2478 0.707 0.596 10.43 0.713

PTB7-Th/Y6 19.82 0.666 0.540 7.08 0.756

PSBTBT/Y6 1046 0433 0.536 245 0.987
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Figure 2. External quantum efficiency (EQEpv) spectra of
a) PTB7-Th/ITIC and b) PTB7-Th/IDT-2BR solar cells.
The broken lines represent EQE spectra of PTB7-Th neat
devices.
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Table 2. Energetic and kinetic parameters of PTB7-
Th/ITIC and PTB7-Th/IDT-2BR solar cells.

PTB7-Th/ITIC PTB7-Th/IDT-2BR

Offset / eV 0.20 0.05

AqVnrad / €V 0.406 0.256
EQErL 9.7 x 10°% 8.9 x 10
Tcr/ ns 1.9 1.3
ke/s™! 5.1x10 6.8 x 10*
ke /871 5.3 x 108 7.7 x 108
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Figure 3.
(red)/acceptor (navy blue) blends with a) a large offset energy
and b) a small offset energy. The solid and wavy arrows

Energy diagram for two typical donor

represent weak radiative and nonradiative transitions in CT
states at a donor/acceptor interface. The thick solid arrow
represents strong radiative transition in local excitation (LE)
state of the donor.
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