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1. Introduction 

Organic thin-film transistors (TFTs) have recently at-
tracted much attention since their inherent mechanical 
flexibility and durability are suitable for realizing large-area 
flexible electronics such as robotic sensory arrays [1], 
e-paper [2] and RFID tags [3]. In these applications, it is 
important to reduce power consumptions of organic TFTs. 
One of the straightforward approaches to achieve it is to 
exploit complementary circuit layouts consisting of TFTs 
with the low operation voltages. Although many organic 
complementary inverter circuits have been reported [4], the 
reducing of the operation voltage degrades the yield and/or 
performance dispersion of the inverter.  

One of the approaches to solve this problem is the 
threshold voltage control of the organic transistor. Recently, 
several approaches to control threshold voltage such as 
surface modification of the gate dielectric with a 
self-assembled monolayer (SAM) [4,5]. This approache, 
the threshold voltage of the transistors can be set to a spe-
cific value during manufacturing. On the other hand, it is 
very important to control the threshold voltage after manu-
facturing, since the threshold voltage of organic transistors 
is changed inadvertently during operation due the DC 
bias-stress effect and air exposure. Previously, the dou-
ble-gate structure [6] has been used to control the threshold 
voltage of organic TFTs after manufacturing. However, this 
structure was impossible in low operational TFTs because 
the operational voltage was very large.  

In this study, we demonstrate the threshold-voltage 
control of low-voltage organic TFTs with a floating-gate 
structure after manufacturing, which allows us to control 
the behavior of low-voltage organic complementary invert-
ers during operation.  

 
2. Fabrication process 

The cross-sectional illustration and optical microscope 
image of the organic complementary inverter circuits are 
shown in Figure 1. These transistors are fabricated by 
vacuum evaporation and solution processes. First, 
25-nm-thick Al layer is thermally evaporated through a  

Fig. 1 (a)The cross-sectional illustration of the organic CMOS 
inverter circuits. (b)The optical microscope image of organic 
CMOS inverter circuits. 
 
shadow mask as control gate. Second, we form control gate 
dielectric layers. Then 25-nm-thick Al layer is evaporated 
on the control gate dielectric layers and formed floating 
gate dielectric layers. The control and floating gate 
dielectric layers consist of thin layers of aluminum oxide 
and molecular SAMs. A thin aluminum oxide layer is 
formed by oxygen-plasma treatment and a SAM layers are 
prepared from a 2-propanol solution containing 5 mM of 
n-octadecylphosphonic acid for 16 hours at room 
temperature. Purified pentacene and F16CuPc are deposited 
in vacuum through a shadow mask to form a 50-nm-thick 
as p- and n- type organic semiconductors on the floating 
gate dielectric layer. Finally, a 50- nm-thick Au layer is 
evaporated through a shadow mask to form the source and 
drain electrodes.  
 
3. Results 

Fig. 2 shows transfer characteristics of fabricated 
organic transistor with channel length and width of 50 µm, 
3500 µm respectively. Each transfer characteristics were 
measured after programming. The programming voltage 
bias of the control gate electrode of the p-type transistors is  
applied from 0 to -6 V and that of n-type transistors is 
applied from 0 to +6 V for 1 second respectively. 
In fig 3, the threshold voltage of p- and n-type transistors 
plotted as a function of programming voltage. The 
threshold voltages of the p- and n-type transistors are 
changed 
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Fig. 2 Transfer characteristics of the pentacene and F16CuPc TFTs  
with channel length of 50 μm and channel width of 3500 μm. 
(a)Transfer characteristics of pentacene TFTs recorded after 
program operations performed with program voltages ranging 
from –1 V to –6 V. (b) Transfer characteristics of F16CuPc TFTs 
recorded after program operations performed with program 
voltages ranging from 1 V to 6 V.  
 
systematically within wide ranges from +2.4 to −1 V and 
from -0.3 to +1.5 V, respectively, when the programming 
voltage of the control gate electrode of the p-type transis 
tors is applied from 0 to -6 V and that of n-type transistors 
is applied from 0 to +6 V. These threshold voltage windows 
are very large by comparison with the operation voltage of 
these transistors. 
Then, figure 3 shows the electric characteristic of the 
fabricated CMOS inverter circuits. The pentacene transistor 
has a channel width of 1000 µm, the F16CuPc transistor has 
a channel width of 3000 µm, and both transistors have a 
channel length of 50 µm in the inverter circuits. The 
inverter circuits operated with good characteristics at 
driving voltage of 1.5 V and with a signal gain larger than 
10. Figure 4 shows the input-output characteristic of inverter 
circuits when the driving voltage is 1.5 V after applying to 
the control gate electrodes from -6 V to 6 V for 1 second. 
As the programming voltage goes to +/- side, input-output 
characteristic is being shifted to more +/- side of input 
voltage. This is because the threshold voltages of p- and 
n-type transistors have been changed by applying 
programming voltage to the control gate electrode. When 
the programming voltage is -6 V, the output voltage is 
almost 0 V against the input voltage between 0 V and 1.5 V. 
On the other hand, when the programming voltage is +6 V, 
the output voltage is almost 1.5 V against the input voltage 
between 0 V and 1.5 V. In this way, the input-output 
characteristic of inverter circuits was able to be controlled 
by changing programming voltage. Then, the gain is almost 
same for 10 after applying programming voltage. 
 
4. Conclusions 
  In this work, we have fabricated floating gate organic 
transistors that operate with below 3 V by using SAM gate 
dielectrics. The threshold voltage of fabricated p-type and 
n-type organic transistors are controlled very wide range by 
applying programming voltages. Then, we have fabricated 
organic CMOS inverter circuits using these transistors. This  
 

 
 
 
 
 
 
 
 
 
 
Fig. 3 Output voltage and small-signal gain as a function of input 
voltage for driving voltages between 1.5 and 3 V. 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Output characteristics of the inverter at a supply voltage of 
1.5 V measured after program voltages between  –6 V and +6 V 
had been applied to the input node for a duration of 1 s. The 
switching voltage is systematically controlled by the program 
pulses. 
 
inverters were operated between 1.5 V and 3 V with a 
signal gain larger than 10. We have been also able to con-
trol the threshold voltage of the inverter circuits by apply-
ing programming voltage to the control gate electrode. 
   In the future, this technology will be expected to apply 
the various new electronics by integrating this CMOS 
inverter in the logic circuits. 
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