Organic Light Emitting Devices Fabricated from Semiconducting Nanospheres*
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Abstract:

The trend towards nano-scale organic electronics raises a quest for novel materials and concepts which allow to control the deposition of the active material on the nano- to mesoscopic scale. Gaining control over the material at such a scale will enable the fabrication of novel as well as improved devices from organic semiconductors such as conjugated polymers in a cost-effective way. By adopting the so-called miniemulsion process one can combine the properties of semiconducting polymers with those of nanostructured matter, as has been shown recently.[
] Here a detailed and compressive study of organic semiconducting polymer nanospheres (SPNs) is presented. For a comprehensive picture the SPN’s are directly compared with regular m-LPPP of the same patch.

The SPNs were characterized in detail in solution as well as thin films by means of transmission and photoluminescence spectroscopy and photo induced absorption experiments. Additional the films were characterized by optical, interferometric and surface probe measurements. Organic light emitting diodes (OLEDs) have been fabricated which have been deposited from aqueous dispersions by a spin cast process. Different batches of SPNs with different SPN diameters have been tested (69nm, 95nm, 126nm and 150 nm). The active layer of the devices consists of a single, homogeneous layer of the light emitting SPNs. All SPN-based OLEDs exhibit a light emission onset corresponding to the SPN energy gap (ca. 2.7 eV for m-LPPP, a semiconducting para-phenylene ladder polymer). Out of detailed surface studies via atomic force microscopy we propose that the low onset is attributed to field enhanced injection of charge carriers at the aluminum cathode due to the formation of stalactite-type nanostructures. 

We show that the technique of miniemulsification also opens new perspective towards defined organic multilayer structures. Morphological characterization of such organic multilayers and their application in OLEDs will be discussed. 
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Figure: AFM image (tapping mode) of a SPN monolayer spin-cast on top of a conjugated polymer (height image left, phase image right).
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