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The central thesis of this talk is that many structural defects in crystalline organic semiconductors have
surface potential signatures that can be recorded and imaged by scanning Kelvin probe microscopy
(SKPM) with sub-100 nm resolution.[1-5] This allows straightforward visualization of defects that are
difficult to detect by other methods. Additionally, we argue that surface potential fluctuations are a
direct measure of static electronic disorder, namely band edge variations, that will impact electron and
hole transport. Thus, surface potential imaging not only reveals defects in crystalline organic
semiconductors but importantly provides a direct link to electronic disorder (e.g., traps, scattering
centers) that degrade transport performance. This talk will focus on three illustrative examples based
on thin films and single crystals of benchmark organic semiconductors,[2,4,5] including one case where
we can make a thorough connection between structure, surface potential, and field effect transport.[5]

We propose that in many cases the surface potential contrast associated with a given defect arises due
to inhomogeneous strain around the defect. To support this, we further describe the first direct
measurements of the strain-surface potential relationship for macroscopic single crystals of rubrene.[3]

Overall, we suggest that surface potential measurements are a powerful approach to understanding
correlated structural and electronic disorder in soft organic semiconductors.

We acknowledge funding by the US National Science Foundation.

References

[1] Structural and Electrostatic Complexity at a Pentacene/Insulator Interface. K. Puntambekar, J. Dong, G.
Haugstad, C.D. Frisbie, Adv. Funct. Mater. 2006, 16, 879.

[2] Observation of Unusual Homoepitaxy in Ultrathin Pentacene Films and Correlation with Surface Electrostatic
Potential. V. Kalihari, D.J. Ellison, G. Haugstad, C.D. Frisbie, Adv. Mater. 2009, 21, 3092.

[3] Strain Effects on the Work Function of an Organic Semiconductor. Y. Wu, A.R. Chew, G. Rojas, G. Sini, G.
Haugstad, A. Belianinov, S.V. Kalinin, H. Li, C. Risko, J.L. Bredas, A. Salleo, C.D. Frisbie, Nature Commun. 2016,
7, 10270.

[4] Scanning Kelvin Probe Microscopy Reveals Planar Defects are Sources of Electronic Disorder in Organic
Semiconductor Single Crystals. Y. Wu, X. Ren, K.A. McGarry, M.J. Bruzek, C.J. Douglas, C.D. Frisbie, Adv.
Electron. Mater. 2017, 3, 1700117.

[5] Crystal Step Edges Can Trap Electrons on the Surfaces of N-type Organic Semiconductors. T. He, Y. Wu, G.
D’Avino, E. Schmidt, M. Stolte, J. Cornil, D. Beljonne, P.P. Ruden, F. Wuerthner, C.D. Frisbie, Nature Commun.
2018, 9, 2141.


