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Abstract

Short-channel top-gate carbon nanotube thin-film
transistors have been fabricated on a plastic film by the
flexography, a type of high-speed printing techniques.
Fine patterns were formed on a PDMS plate by micro-
process, resulting in printed minimum line width of 11
pm. Top-gate devices with a channel length of 6.2 pm
fabricated by this technique showed an ON current of
0.85 mA/mm.

1. Introduction
Among various thin film transistors (TFTs), carbon

nanotube (CNT) TFTs have attractive properties such as
high mobility, flexibility, transparency, and so on [1-3].
The processability in the thin-film formation is also attrac-
tive, i.e., high-mobility channel can be formed by solution
[4] and transfer [3] processes. CNT TFTs enable to realize
high-performance flexible devices at low cost by introduc-
ing high-speed printing process.

In the previous work, we developed a fully lithogra-
phy-free and non-vacuum process to fabricate CNT TFTs
based on flexographic printing technique, one of high speed
printing methods [5]. A high mobility of 157 cm*Vs was
achieved. However, the channel length was as long as 115
um, which was determined by the fabrication process of the
plate for the flexography.

In this work, we have improved the printing resolution
for miniaturizing printed CNT TFTs. Flexographic plates
have been fabricated by using micro-fabrication process.
High-purity semiconductor CNTs were used for the chan-
nel. Top-gate CNT TFTs with a channel length of 6.2 um
has been realized.

2. Improvement of printing resolution

We fabricated fine-patterned flexo-plates with polydi-
methylsiloxane (PDMS) by micro-fabrication process. Fig-
ure 1 shows the fabrication process. First, the mold that
have patterns to be printed was formed with photoresist
(SU-8, 10 wm) on a Si substrate. Then, the PDMS base
mixed with a crosslinking agent was spincoated on the sub-
strate. After degasing, PDMS was cured to extend the
crosslinking reaction and evaporate solvents. Finally, the
plate was obtained by peeling off the PDMS from the mold.

Figure 2(a) shows a top-view micrograph and the
cross-sectional profile of a line-and-space pattern with a
20-um period on a fabricated plate. The width of convex
part was 9.4 + 0.3 um. R, and R, of the surface of the con-
vex part were 30 and 220 nm, respectively, showing suffi-
ciently smooth surface for flexo-plates. Test pattern was
printed with the ink of silver nanoparticles. The minimum
printed line width was 11 um.
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Fig. 1 Fabrication process of flexographic plate.
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Fig. 2 (a) Micrograph of line-and-space pattern on fabricated
flexographic plate and the cross-section profile. (b) Surface profile
of the plate.
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Fig. 3 Device fabrication process.
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Fig. 4 (a) Photograph of printed CNT TFT on PEN. (b) Mi-
crograph of the channel.
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3. Printed short-channel CNT TFTs
Device fabrication process

Top-gate CNT TFTs were fabricated on a polyethylene
naphthalate (PEN) film with a thickness of 100 wm. Figure
3 shows the device fabrication process. First, a thin film of
semiconductor CNTs was formed by the transfer process.
High-purity semiconductor CNTs purified by gel chroma-
tography technique [6] was used in this work. The CNTs
dispersed in surfactant solution were collected on the
membrane filter by suction filtration, and then transferred
on the substrate. Then, the CNT film was patterned by
printing the resist material and subsequent etching with
ambient-pressure plasma of O,/Ar. Here, we used a resist
ink mixed with a low-volatile solvent. After removing the
resist, the source and drain electrodes, gate insulator, and
gate electrode were printed. Silver nanoparticle (Bando
Chemical Industries, FlowMetal SW1026-x1) and polyi-
mide (Taiyo Holdings, IJPR TR64861) were respectively
used for the electrodes and insulator.

Figure 4 shows (a) a photograph of fabricated CNT
TFTs and (b) a micrograph of the channel regime before
printing the gate stack. The channel length and width were
6.2 and 108 um respectively. The channel length is the
shortest for CNT TFTs fabricated by printing processes to
our knowledge [5,7,8]. The average thickness of the gate
insulator was measured to be 1.5 um by a laser microscope.
The gate leakage current was less than 2 pA at 100 V. The
transfer characteristics of a fabricated device showed p-type
conduction with an on/off ratio of ~10° as shown in Fig. 5.
The mobility was estimated to be 3.3 cm*/Vs. The ON cur-
rent density was 0.85 mA/mm at V,g=-10 V.
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Fig. 5 Transfer characteristics of printed CNT TFT.

4. Conclusions

We have fabricated short-channel top-gate CNT TFTs
on a plastic film by using flexographic printing technique.
The printing resolution was improved down to 11 um by
fabricating flexo-plates with micro-fabrication processes.
The channel length of the printed TFTs was 6.2 um, which
was among the shorted length for printed CNT TFTs. The
devices showed an on/off ratio of ~10°, a mobility of 3.3
cm?/Vs, and ON current density of 0.85 mA/mm.
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