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Abstract: Organic photovoltaics (OPVs) are attractive candidates for sustainable energy conversion due to their flexibility, low-
cost processing, and compatibility with large-area fabrication. However, their efficiency is hindered by interfacial defects and
vertical phase separation in the active layer, which induce charge imbalance and recombination losses. This work presents an
interfacial engineering approach to overcome these limitations in P3HT:PC70BM-based OPVs. Two key strategies were
employed: (i) reducing the post-deposition annealing time of the active layer to suppress PC70BM accumulation at the bottom
electrode, and (ii) using a DCB:DCM mixed solvent system to regulate solvent evaporation, thereby promoting uniform film
formation during PC.0BM overlay deposition. Devices fabricated with these optimizations exhibited notable enhancements,
achieving short-circuit current density up to 15.83 mA/cm? and a 58.1% increase in power conversion efficiency compared to
control devices. X-ray photoelectron spectroscopy confirmed reduced surface aggregation of PC7BM, while X-ray diffraction
indicated improved P3HT crystallinity and molecular ordering. These results highlight the critical role of interfacial and
morphological control in enhancing charge separation and transport, offering a practical route toward efficient, reproducible,
and stable OPVs.
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Fig. 1. Schematic of (a) the OPV device structure and (b) the energy-band diagram.
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Fig. 2. Optical images of the active materials with various organic solvents and annealing times. (a) AM/DCM, (b) AM/DMF, (c) AM*/DMF,
and (d) MIX*/DMF. (e) Current-density versus voltage (J-V) characteristics of the OPV devices fabricated with various organic solvents.

Table 1. Electrical parameters of the OPV devices with various solvent processes.

Voe [V]® Ji [mA/em?] © FF [%] © PCE [%] 9
AM 0.583 10.47 0.52 3.17
AM*/DCM NA 0.355 NA NA
AM/DMF 0.079 0.001 0.0467 2.05x 10°
AM*/DMF 0.5857 13.88 0.48 3.93
MIX 0.5857 14.101 0.571 472
MIX*/DMF 0.5775 15.83 0.55 5.02

3 V.. (open circuit voltage), ® Ji (short circuit current density), © FF (fill factor), ¥ PCE (power conversion efficiency)
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Fig. 3. Energy-band diagram of (a) the electron-only device (EOD) and (c) the hole-only device (HOD). Current density versus applied voltages

of the (b) EOD and (d) HOD to analyze the carrier mobility.
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Fig. 4. (a) Current density versus applied voltages and (b) electrical parameters of the OPV devices with various post-annealing times on
P3HT:PCBM device performance under DCB:DCM solvent. (a) J-V curves of devices annealed for 2-30 min. (b) Electrical parameters (Voc,

Jsc, FF, PCE) extracted from J-V curve.



J. Electr. Electron. Mater., Vol. 39, No. 1, pp. 94-102, January 2026: Kyung et al.

(a)
60000, [ AM ci1s
AM*
—— AM*/DMF
——AM*/DCM
00 i (b)
x ——MIX*DMF o1s s2p
S 40000 _——-"’M Cls Ols Si2p S2p S/0
£ NE— u_J AM 8948 265 097 69 2.6
S— M’m
3000 /‘L‘_’w WLJ AM* 90.12  1.93 094  7.01 36
‘@ R
*, 91.17 1.53 0 7.29 4.8
§ 20000 Tt AM*/DMF
£ ) AM/DCM 83.5 7.31 4.16 5.03 0.7
10000 -| e MIX 89.93 2.3 0.66 7.11 31
MIX*/DMF 91 1.66 0 7.33 4.4
800 600 400 200 0

Wavelength (nm)

Fig. 5. (a) X-ray photoelectron spectroscopy spectra of survey scan and (b) composition ratio of various active materials.
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