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1. Introduction

Organic electronics have attracted much attention for
their in low cost, large area process, light weight, mechani-
cal flexibility, and low-temperature processing. Particularly,
organic thin-film transistors (TFTs) are expected to be key
parts which realize organic mechanically flexible electron-
ics, for example e-paper [1], flexible RFID tags [2],
large-area sensors [3, 4], and digital circuits.

As highly efficient methods to manufacture organic
TFTs, printing technology such as inkjet printing [5], mi-
cro-contact printing [6], and screen printing [7], have at-
tracted much attention. However, the resolution of the
normal inkjet process is about 40~50 um because it is dif-
ficult to reduce the droplet volume below 1 pl.

In this work, we fabricated organic TFTs with top con-
tact geometry by subfemtoliter inkjet printing technology
and integrated the organic TFTs into organic complemen-
tary (CMOS) ring oscillator circuits. The TFTs have a
channel length smaller than 10 um, a channel width 500
pm, and the 3 pum-linewidth Ag source/drain electrodes.
The mobility is 0.1 cm*/Vs and the on/off current ratio is
10".

2. Fabrication process

The cross-sectional illustration of the organic transistor
is shown in Figure 1(a). These transistors are fabricated by
vacuum evaporation and inkjet printing processes. First, a
30-nm-thick Au layer is thermally evaporated on a polyim-
ide substrate through a shadow mask to form gate electrode.
Then, a parylene film was covered on the gate electrodes by
chemical vapor deposition to form a an insulating layer,
whose thickness was 60 nm or 260 nm. On the parylene
layers, 50-nm-thick pentacene film or 30-nm-thick F,sCuPc
was fabricated by thermal evaporation as a p-type or n-type
organic semiconductor channels. Following the deposition,
a 50-nm-thick Au pad was sublimated by vacuum evapora-
tion with a shadow mask. Finally, Ag lines were patterned
by subfemtoliter inkjet systems and were sintered at 100 °C
for 3 hours in nitrogen environment to form source and drain elec-
trodes. Fig.1(b) shows a photograph of the fabricated de-
vices. The TFTs have a channel length of 3 um, a channel
width of 500 um, and the 3 um-linewidth Ag source/drain
electrodes.
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Fig. 1 (a)The cross-sectional illustration of the organic transistor.
(b)The optical microscope image of organic FET with channel
length of 3 pm.
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Fig. 2 Transistor characteristics of the pentacene TFTs with chan-
nel length of 3 um and channel width of 500 pm. (a)Transfer cha-

racteristics (b)Output characteristics

3. Results

Fig. 2 shows electric properties of fabricated organic
transistor with channel length and width of 3um, 500 um
respectively. The mobility is 0.1 cm?/Vs and on/off current
ratio is 10”.

Then, we measured electric properties of fabricated or-
ganic transistors. When the channel length is changed from
97 um to 6 pm, the transfer curves systematically shift
from right to left along the horizontal axis, or to the posi-
tive Vgs, as shown in figure 3 (a). Fig.3 (b) shows output
characteristics of organic transistor with channel length of 6
pm and channel width of 500 um. This shift may be due to
the short channel effect. The dependence of the mobilities
and threshold voltages of the transistors on channel length
is shown in figure 4 (a) and (b).

Next, we measured the characteristics of 3-stage or-
ganic CMOS ring oscillator. Fig.5 (a) shows photograph of
the CMOS ring oscillator. The mobilities of pentacene and
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Fig. 3 Transistor characteristics of the pentacene FETs (a)Transfer
characteristics of pentacene TFTs with channel length of 6 um, 17
um, 47 pm, and 97 pum (channel width is 500 um for all devices).
(b)Output characteristics of pentacene TFTs with channel length
of 6 um and channel width of 500 pm.
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Fig. 4 (a)Mobiliy (b)threshold voltage (Vth) of pentacene TFTs
with channel length of 6 um to 97 um.

F14CuPc TFTs that make up the ring oscillators are 0.22 and
0.007 cm?/Vs, respectively. The channel widths and the
channel lengths of the p-type transistors are 526 pm and 43
pm, respectively. The channel widths and the channel
lengths of the n-type transistors are 4092 um and 8.7 pm,
respectively. Input-output characteristics of organic CMOS
inverters are shown in Figure 5(b), demonstrating excellent
characteristics of CMOS inverter. The organic integrated
circuits oscillated at 2.26 kHz when the drain voltage (Vpp)
was 40 V (Fig.5(c)). We have measured Vpp dependence of
oscillating frequency of the organic CMOS oscillators
(Fig.5(d)). This oscillator can be operated even at 5 V.

3. Conclusions

We have manufactured high performance organic TFTs
with top-contact geometry and organic CMOS ring oscilla-
tors with inkjet systems which control subfemtoliter ink
droplets and measured the electric characteristics and ob-
served the oscillation of the devices. From this experiment,
we showed the line widths of source and drain electrodes of
the organic TFTs have an influence on the frequency re-
sponse of the transistors and its circuits. These results de-
monstrates that the miniaturization of electrodes of organic
TFTs are effective for realizing high speed operation or-
ganic devices.
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Fig. 5 (a)Micrograph of the organic CMOS ring oscillator with
inkjet printed source and drain electrodes. (b)Input-output charac-
teristics of organic CMOS inverters in fabricated ring oscillators.
(c)Output signals at a Vpp of 40 V of integrated 3-stage CMOS
ring oscillator with printed source and drain electrodes. The oscil-
lation frequency of the oscillator at this voltage is 2.26 kHz. (d)
Oscillating frequency of fabricated ring oscillators as a function of
VDD-
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