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Local Performance Evaluation of Organic Solar Cell
Using Scanning Tunneling Microscopy (STM)
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Light-modulated scanning tunneling spectroscopy (LM-STS) was applied to evaluating spatial variation of the local generation
efficiency in an organic solar cell (OSC) with a bulk heterojunction (BHJ) structure. The acquired surface morphology and microscop-
ic current-voltage (J-V) characteristics under dark and illuminated conditions allowed us to map not only the potential, i.e. the open-
circuit voltage (Voc) but also the short-circuit current (Js¢), fill-factor (FF) and internal resistance of the OSC on a scanning tunnel
microscopy (STM) surface morphology. Understanding the device level macroscopic J-V characteristics of OSC’s from the individual
nanoscale J-V characteristics will be the key issue to develop new OSC devices with superior performances.
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Fig. 1 (Color online) (a) Structure of a typical organic solar
cell. (b) An organic solar cell without the top metal electrode
under STM investigation.
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Fig. 2 (Color online) (a) Band diagram of a typical homogeneous p—n junction which shows that the electric field in the depletion layer
causes charge separation of the photo-generated excitons. (b) Band diagram of a typical heterogeneous p—n junction which shows that
only the excitons that diffuses to the junction before recombination are charge-separated.
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(Color online) Molecular structures of (a) PCBM and (b) MDMO-PPV. (c) Schematic illustration of the self-organized bulk-

heterojunction structure of MDMO-PPV: PCBM film, (d) its band structure and (e) surface morphology measured by tapping AFM.
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Fig. 4 (Color online) (a) Equivalent circuit diagram of a solar
cell device and (b) its current-voltage (J-V) property under
dark and illuminated conditions.
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(a) Schematic illustration of LM—-STS apparatus and (b), (c) measured data. (d) STM topography, (e) dark current at 3.7 V and

(f) illuminated current at 0 V (Jsc). The green and red points indicate the positions where the spectra shown in (b) and (c) are obtained.
Blue ellipses are the eye guide indicating the region with small dark current in (e).
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Sky blue lines are the equicurrent line at 30 pA.
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(a) Short-circuit current and (b) open-circuit voltage plotted on the corresponding STM topography that is identical to Fig. 5(d).
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