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Abstract The surface states of gate dielectrics affect device performance severely in Pentacene OTFTs. We
have fabricated organic thin-film transistors (OTFTs) using pentacene as an active layer with chemically
modified SiO; gate dielectrics. The effects of the surface treatment of SiO; on the electric characteristics of
OTFTs were investigated. The surface of SiO, gate dielectric was treated by normal wet cleaning process, Oy-
plasma treatment, hexamethyldisilazane (HMDS), and octadecyltrichlorosilane (OTS) treatment. After the
surface treatments, the contact angles and surface free energies were measured in order to analyze the surface
state changes. In the electrical measurements, typical I-V characteristics of TFTs were observed. The field effect
mobility, u, was calculated to be 0.29 cm®Vs! for OTS treated sample while those for the HMDS, O, plasma
treated, and wet-cleaned samples were 0.16, 0.1, and 0.04 cm®V’s™, respectively.
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Fig. 1. Schematic diagram for the definition of contact angle.
Y, ¥%v, %L and 6 represent surface tension of liquid, surface
free energy of solid, interfacial tension between liquid and
solid, and contact angle, respectively.
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Fig. 2. Device structure of organic thin-film transistor. (Bottom
contact: channel width 100 tam, length 10 tm)
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Fig. 3. Schematic diagram for the formation of SAM on SiO,
surface by (a) HMDS treatment and (b) OTS treatment.
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Fig. 4. Description of the system to measure the contact
angles.
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Fig. 5. Photographs for three kinds of liquid drops of different polarity showing different contact angles after wet-cleaning. (a)
D. I water, (b) Glycerol, and (c) Di-iodomethane.

Fig. 7. Photographs of contact angles after OTS treatment. (a) D. I water (b) Glycerol, and (c) Di-iodomethane.
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Table 1. Comparison of contact angles and surface free energies for various SiO, substrates.

Contact angle liquid Surface free energy
Surface treatment — 2
D.I water Glycerol Di-iodomethane (mJ/m”)
As-prepared 35.72° 22.44° 25.19° 61.37
O;-plasma treatment N.A.(<10°) N.A(<10° 27.28° 61.36
HMDS treatment 53.76° 53.76° 43.94° 43.57

OTS treatment 78.98° 81.14° ' 43.92° 28.05
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Fig. 8. SEM images of pentacene films deposited on gate
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Fig. 9. Plots of drain current (Ip) vs. drain voltage (Vp) with varying gate

HMDS, and (d) OTS treated devices.
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