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CORRELATION BETWEEN THE STRUCTURE OF THE DIELECTRIC MONOLAYER
AND THE PERFORMANCE OF LOW-VOLTAGE TRANSISTORS BASED ON PENTACENE

Swati Gupta, Stuart Hannah and Helena Gleskova
Department of Electronic and Electrical Engineering, University of Strathclyde, Glasgow, United Kingdom

»> INTRODUCTION

Alkyl phosphonic acids (C,PA) are becoming a material of choice for passivation of high-k oxides in organic thin-film transistors with ultra-thin gate dielectrics. A monolayer of phosphonic acid
inserted between the inorganic oxide and the organic semiconductor provides two main benefits: (i) the density of the charge carrier traps associated with the surface —OH groups of the oxide is
reduced because these groups act as binding sites for the organic molecules; and (ii) the low surface energy of the organic monolayer may reduce the density of defects in the subsequently
deposited conjugated polymer.

To date such monolayers have been assembled from solutions only. We have recently developed a vapour-phase self-assembly of n-octylphosphonic acid (C;PA) monolayer in vacuum that
leads to a well chemisorbed monolayer of C;PA. When such a monolayer is attached to ~ 9-nm thick aluminium oxide to form an ultra-thin dielectric implemented in low-voltage organic thin-film
transistors based on pentacene, the transistor performance exhibits measurable changes upon alteration of the structure of the C;PA monolayer.

> AIM

 Seek correlation between the structure of the dielectric and the short- and long-term performance of organic thin-film transistors
* Optimize the vapour-phase self-assembly of n-octylphosphonic acid monolayer

» EXPERIMENTAL DETAILS
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e All other layers are thermally evaporated in Minispectros vacuum system (K.J. Lesker)
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and finally the evaporation rate.

* The best C4PA properties were obtained at 25°C, 1-3 A/s and 210-minute anneal. This correlates with improved
transistor performance.

* These conditions lead to highest values of f for V, and S indicating narrower distribution of carrier traps.

* Pentacene growth also has a minor effect on the values of fand~z.




