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Fig. 1. Chemical structures of (a) P(NDI20D-T2) and
(b) PTHBDTP.
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Fig. 2. (a) Schematic illustration for the growth of the
polymeric film on a declined substrate by dip-coating
process. The arrow P denotes the contact line moving

direction during solvent evaporation. (b) Device geom-
etry of a bottom gated and bottom-contact OFET.
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Fig. 3. (color online) POM images of the aligned (a),
(b) P(NDI20OD-T2) and (c), (d) PTHBDTP film, respec-
tively. The red and black arrows denote the descend di-
rection of solution level and the orientation of the crossed

polarizer/analyzer, respectively.
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Fig. 4. (color online) The variation of film thickness of the aligned P(NDI20D-T2) along the descend direction of
solution level (P, red arrow): (a) Optical image of the film; (b), (c) and (d) profile curves (steps) of the film along
P at the edge of the area of 1, 2 and 3, respectively. The areas with purple color denote the exposed Si/SiO2 surface

upon the removal of the P(NDI20D-T2) films.
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Fig. 5. Polarized UV-vis absorption spectra of the aligned (a) P(NDI20D-T2) and (b) PTHBDTP films on
quartz, respectively. The descend direction of solution level P is parallel (E//P) and perpendicular (E_LP)
to the polarization E of the incident light, respectively.
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Fig. 6. The GIXRD patterns of the aligned P(NDI20D-
T2) films deposited via solution dip-cast process. In-plane
scatter vector gy is nominally perpendicular (black) and

parallel (gray) to the direction P, respectively.
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Fig. 7. (color online) The AFM images of the aligned (a), (b) P(NDI20D-T2) and (c), (d) PTHBDTP films, respectively:
(a), (c) Height images, (b), (d) amplitude images. The arrows indicate the descend direction of liquid level.
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Fig. 8. Typical transfer characteristics of the OFET de-
vice (L = 2.5 pm, W = 10 mm) based on an aligned
(a) P(NDI20OD-T2) and (c) PTHBDTP film, respectively;
the channel current is parallel (black line) and perpen-
dicular (dot line) to the direction P, respectively; the
transfer characteristics of the isotropic film devices is also
shown (grey line); (b) output curves of a FET device of
the aligned P(NDI20OD-T2) with channel current parallel
to the direction P.
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Abstract

Effective control of molecular orientation and packing as well as the film texture of organic semiconductor plays a
crucial role in achieving high performance of the electronic device such as high carrier mobility. Development of facile
and scalable solution processing method for film deposition is one of the important routes to such a goal.

In this paper, we report on the successful preparation of the large area, macroscopically aligned film of the semi-
conducting polymer P(NDI20D-T2) and PTHBDTP via an improved solution dip-coating process in which a tilted
substrate is immersed in the dilute solution. Polarized optical microscopy images reveal the parallel stripe structures
of both kinds of the deposited films. The chain backbones of both P(NDI20D-T2) and PTHBDTP are highly aligned
along the descending direction of solution level in the dip-coating process as indicated from polarized UV-vis spectra and
X-ray diffraction measurements. Furthermore, the atomic force microscopy images of the oriented films of both kinds
of polymers clearly exhibit the highly preferentially oriented nanofibril-like domains, parallel to the alignment direction
of chain backbone. We elucidate the dip-coating growth process in our experiment in terms of the surface tension-
and solvent evaporation- guided self-assembly of chain backbones at the substrate-solution interface near the solution
surface. The influence of film texture on carrier transport property is examined by fabricating field effect transistor
(FET) based on the aligned film of semiconducting polymer. The FET device of the aligned P(NDI20OD-T2) exhibits
a remarkable enhancement of electron mobility by a factor of four compared with the unaligned devices, as well as a
large mobility anisotropy of 19. Such a transport behavior is proposed to be attributed to the characteristic charge
conducting pathways induced by chain backbone alignment in the polymeric film. In this case, fast intra-chain transport
contributes to the majority of device current when the channel current is parallel to the alignment direction of the film,
while charge transport will be limited severely by the inter-chain hopping within the fibrous domain and across the
disordered domain boundary when the current is perpendicular to alignment direction. The facile method developed

here presents a promising approach to fabricating the low-cost, high-performance organic electronic devices.

Keywords: semiconducting polymers, molecular alignment, solution dip-coating, organic field effect

transistor
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