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The charge transfer dynamics in organic nanostructures strongly correlate with the structure of materials
but a method for observing this relationship in real space and in real time has not been developed so far.
Electrostatic force microscope (EFM), which performs electrostatic force detection with a nanoscale spatial
resolution, can visualize the spatial distribution of electric charges in organic materials. However, the
time resolution of the conventional EFM is low due to the response speed of the force detection system. It
was limited to milliseconds and could not track the motion of the charges. In this paper, we developed a
tip—synchronized time-resolved EFM to overcome this limitation of time resolution, and applied it to organic
photovoltaic thin film to acquire the sample surface structure and time—resolved photo—excited charge
distribution images, simultaneously. As a result, it was proved that both 300ns temporal resolution and 100nm
spatial resolution were realized

EFM is a nano—scale electrostatic force measurement technique using a small probe called a cantilever as a
force sensor. The cantilever vibrates at a high speed (1 vibration cycle of about 3 us), and detects the
electrostatic force from changes in the vibration parameter (amplitude and frequency). The force sensitivity
periodically fluctuates due to the periodic change of the probe—sample distance resulting from this vibration.
Therefore, by synchronizing the light pulse irradiation timing with the time at which the electrostatic force
from the electric charge has the greatest effect on the movement of the probe, it is possible to realize
photo—excited charge detection with the time resolution exceeds the general EFM time resolution

Based on this principle, a light irradiation system, a light irradiation timing control system, and a tip—sample
distance control system of the tip—synchronized time-resolved EFM was constructed. In addition, a numerical
simulation based on the perturbation method was performed to model the effect of the electrostatic force from
the transiently generated charges on the frequency of the probe vibration. Furthermore, from the simulation
of the time resolution of the probe—synchronous time-resolved EFM, it was found that the electric charge can
be detected with a time resolution of 0.1 to 10 ps.

This method was applied to an organic photovoltaic thin film. Donor / acceptor blend thin films called bulk
heterojunction type are widely used as solar cells. However, the steady—state EFM measurement revealed that
the domain structure inside the thin film was complicated. Therefore the sample structure was simplified to
the donor/ acceptor bilayer structured film. As a result of tip—synchronized time-resolved EFM measurement,
imaging of photo—excited charges was performed, and it was shown that photo—excited charge tracking was possible
while achieving both a spatial resolution of 100 nm and a time resolution of 0.3 ps. It become clear that
the step edge of the bilayer thin film is a recombination site. Furthermore, from the comparison between the
experimental results and the simulation, the lifetime of the photoexcited charge detected on the donor /
acceptor interface was determined quantitatively

Through the above research, the development of a tip—synchronized time-resolved EFM that improved the time
resolution of the conventional EFM is achieved, which is the success in constructing a method to clarify the

relationship between sample structure and charge dynamics
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