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Abstract
We investigated the variation of current density-voltage (J-V) characteristics of an organic solar cell
(OSC) in the dark and at 9 different light intensities ranging from 0.01 to 1 sun of the AM1.5G spectrum.
All three conventional parameters, short-circuit currents (Jsc), open-circuit voltage (Voc), and Fill factor
(FF), representing OSC performance evolved systematically in response to light intensity increase. Unlike
Jsc that showed quasi-linear monotonic increase, Voc and FF showed distinctive non-monotonic
variations. To elucidate the origin of such variations, we performed extensive simulation studies including
Shockley-Read-Hall (SRH) recombination losses. Simulation results were sensitive to defect densities,
and simultaneous agreement to 10 measured J-V curves was possible only with the defect density of 5 *
1012 cm-3 . Based on analyses of simulation results, we were able to separate current losses into SRH-
and radiative-recombination components and, moreover, identify that the competition between SRH- and
radiative-loss currents were responsible for the aforementioned variations in Jsc, Voc, and FF. In particular,
we veri�ed that apparent demarcation in Voc, and FF variations, which seemed to appear at different light
intensities, originated from the same mechanism of dominance switching between recombination losses.
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Figure 1

Light intensity dependence of J-V characteristics of the OPV.
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Figure 2

Light-intensity dependent solar cell parameters: (a) power conversion e�ciency PCE, (b) open-circuit
voltage Voc, (c) �ll factor FF, and (d) short-circuit current density Jsc.
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Figure 3

Optical simulation results: (a) position-dependent absorptance spectra within an active layer, (b) depth
pro�le of exciton generation rates and a multilayer OSC structure (inset), and (c) the comparison of
spectra of light-harvesting e�ciency and measured incident photon-to-electron conversion e�ciency.
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Figure 4

Comparison of simulated and measured J-V curves. Four orders of defect density variation were
assumed for a set of simulated J-V curves. Simulations agreement of simulation results with
experimental J-V curves measured in the dark, and at weak (0.01 sun), medium (0.28 sun), and strong (1
sun) illumination conditions appear only with defect density of .
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Figure 5

Comparison of simulated J-V curves (solid lines) with the corresponding data (symbols) measured at 9
different light intensities and also in the dark: (a) from 0.18 to 1.00 sun, and (b) below 0.09 sun and in the
dark. (c) Comparison of simulated recombination current curves, Jrec-V (solid lines), with the sum
(symbols) of measured J(V) and simulated generation current Jgen(L) at each light intensity L. (d)
Variations of normalized current densities Jnorm with respect to applied bias voltages: .
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Figure 6

Variations of simulated SRH, radiative, and total recombination currents with respect to applied voltages
correspond to (a) weak (0.01 sun), (b) medium (0.18 sun), and (c) strong (1 sun) illumination conditions.
Recombination currents are normalized by generation currents Jgen(L), and bias voltages are normalized
by Voc. (d) Variations of SRH- and radiative-recombination currents at Voc with respect to light
intensities.



Page 9/11

Figure 7

Light-intensity dependent variations of normalized SRH- and radiative-recombination currents with
respect to normalized applied bias voltages: (a) JSRH/Jgen versus V/Voc and (b) Jrad/Jgen versus
V/Voc.
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Figure 8

Variations of normalized power components with respect to normalized applied bias voltages
corresponding to light intensities of (a) 0.01, (b) 0.18, (c) 0.50, and (d) 1.00 sun. Each power component
is normalized by Psq that is de�ned as the product of Jsc and Voc, and applied bias voltages are
normalized by Voc.
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Figure 9

(a) Variations of the relative contributions of power losses PSRH and Prad to the total power loss Ploss at
the maximum power points with respect to light intensities. (b) Variations of �ll factors (FFs) with respect
to light intensities. FFSRH and FFrad are FFs that would appear if only PSRH or Prad were responsible for
power loss.
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