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Abstract: In this paper, influence of a surface-modified self-assembled monolayer onto a gate insulator on charge trans-
port properties in polymer films was systematically investigated. Charge trap density at the interface between a semi-
conductor and an insulator drastically decreased by using CH; functionalized self-assembled monolayer. We found that
the longer alkyl chain length in the self-assembled monolayer (i.e., C1, C8, and C18) further reduced the charge trap, and
thereby increased the field-effect mobility of the transistors. Moreover, poly(3-hexylthiophene) thin films with high crys-
tallinity show better charge transport properties than that of polymer films with lower crystallinity due to the reduced
charge trap density both in the polymer thin films and at the interface between semiconductor and insulator.

Keywords: organic thin film transistors, poly(3-hexylthiophene), self-assembled monolayer, charge trap density.
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Figure 1. Contact angles on four kinds of substrates using (a) water;
(b) CH,l,. Results of (c) contact angles; (d) calculated surface
energy (E).

Table 1. Contact Angles for Water and CH,I, on Four Kinds
of Substrates and Surface Energy Calculated from Contact
Angles

Substrate (d?gzr(ze) (dcelgize) (mﬁ}m)
OH 1841 36.08 71.56
cl 59.08 46.70 47.93
8 105.46 54.01 32.04
CI8 108.95 62.08 27.41

(1+cos(O) iy = 2072 P2,/ )
&37]14, @= contact angle, 5= free energy of water, ;/]SD =
dispersive component of the surface energy of the solid,
yE% dispersive component of the surface energy of the
wetting liquid, 7’]s> + polar component of the surface tension
of the solid, ;{% polar component of the surface tension
of the wetting liquid®]t}.
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Figure 2. Normalized UV-vis absorption spectra corresponding to
the Ay, transition in the P3HT thin films spin-cast using (a) CB; (b)
CF on four kinds of substrate. The inset shows magnified intensities
of the Ag..
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Figure 3. XRD patterns of P3HT films spin-cast using (a) CB; (c)
CF on four kinds of substrate. Magnified XRD intensities of (010)
peaks using (b) CB; (d) CF. The inset shows schematic of face-on
and edge on structure of P3HT films (left) and the thickness of
P3HT thin films with different substrate (right).
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(b)

Figure 4. AFM images of P3HT films spin-cast using (a) CB; (b)
CF on different substrate.
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Figure 5. The output curves of the P3HT films prepared from (a)
CB; (b) CF solution. Plot of the drain current as a function of the
drain voltage at gate voltages ranging from 0 to -80 V.
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Figure 6. Transfer characteristic (/-V,) of transistors (Vp=-80 V)
fabricated with P3HT thin films spin-cast using (a) CB; (b) CF on
different substrate. (c) Field-effect mobilities (p); (d) Interface trap
densities (D;) calculated from the P3HT transistors. Schematic of
charge transport process at the interface between semiconductor
layer and insulator layer (¢) OH substrates; (f) surface treatment
substrates.

Table 2. Field-effect Mobilities and Interface Trap Densities
(Dy) Obtained from the P3HT Transistors

Mobility Dy
Substrate [em? Vs [x10"2cm™eV']
CB CF CB CF
OH 4.58x10™ 3.92x10™ 13.7 14.5
C1 2.67x10° 1.07x10° 6.4 9.7
C8 1.28x107 3.96x107 5.5 5.8
C18 4.15x10? 1.44x1072 3.2 4.6
wc, )
Ips = ﬁ#( Vos—Vin) @
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K} C,
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7|4, Dy interface trap density, S, subthreshold
swings, K+ boltzman constant, 7<= temperature, Cio
dielectric constant, ¢== electronic charge®|T}.
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