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Abstract:

Conjugated polymers with a one-dimensional p-orbital overlap 
exhibit optoelectronic anisotropy. Their unique anisotropic 
properties can be fully realized in device applications only when 
the conjugated chains are aligned. To align chains, we directly 
drew conjugated polymer lines via dip pen nanolithography 
(DPN) using a NanoInk DPN 5000. As the first step, poly(3-
hexylthiophene) was used as a polymeric material and 
patterned lines on a gold (Au) surface, changing the solution 
concentration and writing speed. The line quality was evaluated 
by fluorescence microscope and atomic force microscope. Our 
results indicated that solution concentration was not important, 
but writing speed was critical for writing continuous lines. 
There are more factors to be considered to write fine lines. 
However we also revealed that nanoscale lines can be written 
by DPN technique.

Introduction:

Conjugated polymers (CPs) are active materials for various 
optoelectronic applications, such as organic solar cells, thin film 
transistors and light-emitting diodes. Their highly anisotropic 
optical and electronic properties are owing to the one-
dimensional p-orbital overlap along the conjugated polymer 
backbone. However, these properties of conjugated polymer 
cannot be fully realized in device applications unless CPs are 
molecularly and macroscopically assembled and aligned with 
a well-defined structure. In reality, the directed assembly and 
particularly macroscopic alignment of CPs is a challenging 
task, because CPs do not have good self-organization owing to 
their non-planar structure in solution.

In our previous work, we could obtain well-defined conjugated 
polymer films by setting of molecular-design rules for improving 
the directional alignment of CPs under the application of shear 
stress [1]. In this study, to further improve the CPs alignment, 
the dip pen nanolithography (DPN) technique was used to 
make well-aligned CP lines in nanoscale, which is known 
to be potentially capable of patterning in the nanometer 

range [2-4]. The DPN process uses a scanning probe tip (the 
“pen”) to directly deposit a material (“ink”) with nanoscale 
onto a substrate. The influence of writing speed and solution 
concentration on the line continuity was investigated.

Experimental Procedure:

The polymeric material used in this study was poly (3-hexyl-
thiophene) (P3HT) purchased from Rieke Metals. P3HT 
was dissolved in a mixture of o-dichlorobenzene and 
1.8-octanedithiol (10:1) and filtered through a 0.45 µm PTFE 
filter before use. Solution concentrations were 2.5 and 10 
g/l. Silicon wafers with a gold (Au) top layer were used. Au 
substrates were cut into pieces of 1 cm × 1 cm and cleaned by 
immersion in acetone. The substrates were treated with oxygen 
plasma.

DPN was carried out using a DPN 5000 (NanoInk, Inc.) in an 
atmosphere control chamber. Lithography was performed at a 
temperature of 25°C and 50% relative humidity. The writing 
speed were 1.0 and 0.001 mm/s. Silicon nitride single pens 
(Type A, NanoInk, Inc.) were used. The ink was filled in an 
Inkwell (IWL-0031-01, NanoInk, Inc.). Image analyses were 
done with the Olympus BX-51 fluorescence microscope (FM) 
and Nano Man atomic force microscope (AFM).

Results and Conclusions:

Fluorescent Microscopy. Figure 1 shows the FM image of 
the line written with the ink of 2.5 g/l concentration and the 
writing speed of 0.001 mm/s. Changing concentrations did not 
show any noticeable changes in the line continuity. However, 
continuous lines were not generated via a writing speed of 
1.0 mm/s, even though that writing speed was critical for line 
quality. Furthermore, it was found that lines could be written 
more than 1000 µm on a one-time ink loading.
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Figure 3: The AFM image of the cross section for Figure 2.

Figure 1: The FM image of P3HT line written with 2.5 g/l 
concentration ink. 

Figure 2: The AFM image of P3HT line written with 10 g/l 
concentrations ink. 

Atomic Force Microscopy. The AFM topography image of 
generated lines with the ink of 10 g/l concentration and the writing 
speed of 0.001 mm/s is shown in Figure 2. Changing concentration 
also does not show a difference even in AFM images, indicating that 
the solution concentration does not affect the line continuity. The 
AFM image of the cross section reveals that the generated line width 
and thickness was 0.8 µm and 20 nm, respectively (Figure 3). 

Comparing direct writing processes, whereas inkjet printing is 
limited to feature sizes of some tens of microns [5], generated lines 
in this study are the nanometer range. However, even written in the 
same condition, continuous lines are not obtained constantly. This 
indicates that there are more parameters to be considered to write 
continuous lines. For instance, ink amount of the probe [3], probe 
conditions [4], humidity [2], writing force and surface conditions are 
also important to writing patterns and we have to consider them.

Future Work:

The most important is to write continuous lines constantly. We need 
to write lines with changing other properties such as ink amount, 
writing force and humidity.
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