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Introduction 

Several methods to increase organic TFT performances 
have been proposed. Among them, two effective ways have 
been demonstrated to enhance the quality of polycrystalline 
films. One is by decreasing the number of grains (grain size 
increase) 1-4), and the other is by reducing the inter-grain 
boundary potential in the films 3, 5). In fact, high tempera-
ture film growth in pentacene can enhance the grain size 6), 
while pentacene deposition on SiO2 with a self-assembled 
monolayer (SAM) enables fabricating high mobility TFTs 
1,4, 5, 7, 8), possibly due to a reduction of the grain boundary 
effects. On the other hand, in developing organic thin film 
transistors (TFTs), not only the field effect mobility but also 
the on/off ratio, hysteresis, or threshold voltage control, 
should be carefully considered.  

This paper reports a very high mobility of pentacene TFT 
with no hysteresis and no off-current increase.  
 
Experimental Results 

We fabricated the top-contact pentacene TFTs on 
OTS-treated SiO2 (35 nm)/Si substrates as shown in Fig. 1. 
The substrates treated using UV/O3 for 1 hour were im-
mersed for 4 hours in a dilute OTS solution in toluene to 
form OTS layers, followed by rinsing in a fresh toluene in 
an ultrasonic bath for more than 10 minutes to remove any 
excessive layers 9). All the substrates were treated simulta-
neously.  

 
 
 
 
 
 
 
 
 
 

Fig. 1. Schematic diagram of a top-contact pentacene thin 
film transistor. The substrate was treated by octadecyltrich-
lorosilane (OTS). 

 
Then, the substrate and the pentacene source were placed 

in a vacuum chamber. As-received pentacene was used 
without further purification. First, the chamber was eva-
cuated to 10-5 Pa, and the pentacene source was heated to 
about 180°C until the base pressure was stabilized. Second, 
H2 was introduced into the chamber through a mass flow 
controller (MFC) at 3 Pa as shown in Fig. 2. The pressure 

 

 
Fig. 2. Experimental apparatus for the pentacene deposition 
in H2 at higher temperature. 
 
was kept constant using a rotary pump and MFC. Then, 40 
nm-thick pentacene film was deposited through a metal 
mask at the deposition rate of 3 nm/min. For comparison, a 
pentacene film was also grown at 10-5 Pa. The substrate 
temperature was elevated to 60°C during the depositions 
for both cases. Finally Au source and drain electrodes were 
deposited in another vacuum evaporation system. The 
channel length and width were 100 and 1000 μm, respec-
tively. The electrical measurements were carried out at a 
pressure lower than 10-2 Pa in the dark condition. 

Bidirectional IDS-VGS characteristics are shown in Fig. 3. 
VGS was swept from 0.5 to -3 V and -3 to 0.5 V at the 
drain-source voltage (VDS) of -3 V. The saturation mobility 
was estimated to be 2.6 cm2/Vs for the vacuum-deposited 
TFT, which is almost the same value reported in the litera-
ture 8). On the other hand, H2-deposited TFT at 60°C were 
found to have a mobility of 5.0 cm2/Vs. To our knowledge, 
this is the highest value reported so far in TFTs fabricated 
on OTS-treated SiO2 substrate with no hysteresis in the 
IDS-VGS characteristic and no off-current increase 10). In ad-
dition, the subthreshold swing is rather improved and the 
threshold voltage is about -0.8 V, which is much smaller 
than the results on OTS-treated SiO2 deposited at room 
temperature 12). The off-current is lower than 10 nA. These 
properties are almost the same as those of pentacene TFTs 
fabricated on OTS treated substrates in vacuum, suggesting 
that H2 during the deposition improves the mobility without 
any degradation in the pentacene film quality.  

The mobility of the pentacene TFTs in the present study 
as well as those of pentacene TFTs in our results studied 
previously 11, 12) are indicated in Fig. 4. The mobility of 
pentacene TFTs fabricated on the vacuum-deposited film 
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can be improved by using the OTS treatment or by elevat-
ing the substrate temperature during the pentacene deposi-
tion. Moreover, we found that H2-deposition improves the 
mobility on both SiO2 and OTS substrates, and on the OTS 
substrate at both room temperature and 60°C. Thus, it is 
pointed out that H2 during the film deposition has a benefi-
cial contribution to improving the mobility; that is, the TFT 
mobility improved using the conventional methods, such as 
the OTS treatment or the increase in the substrate tempera-
ture, can be further improved using H2-deposition.  

Fig. 3. Drain-source current (IDS) vs. gate-source voltage 
(VGS) characteristics of pentacene thin film transistors de-
posited both in vacuum and in H2 at 60°C. The drain-source 
voltage (VDS) was -3 V. 
 
Discussion 

We now discuss why the mobility was significantly im-
proved. It was reported that the mobility was not improved 
despite the increase in grain size of the film deposited at 
65°C on OTS-treated substrates 1). This may be due to the 
increase in the inter-grain potential. When the substrate 
temperature is elevated during the deposition at a fixed 
deposition rate, the film tends to be dendritic due to the 
diffusion limited growth 6), and to have a smaller current 
than that with a faceted island 5). Thus, the improvement in 
mobility by elevating the substrate temperature should only 
be achieved when the dendritic effect (inter-grain potential 
increase) is suppressed. H2 affects the initial stage of film 
growth without changing the diffusion length of the mole-
cule 12). Therefore, H2 can increase the grain size without 
increasing the inter-grain potential, which is the predomi-
nant reason for the pentacene TFT characteristics being 
significantly improved in the H2-deposited film.  

  
Conclusion 

We demonstrated the mobility of 5.0 cm2/Vs in the pen-
tacene TFT fabricated on OTS-treated substrate. Further-
more, by introducing H2 during the film deposition no hys-
teresis, no threshold voltage shift, and no off-current in-
crease were observed at all. Thus, it is concluded that the  

Fig. 4. Comparison of the mobility of pentacene thin film 
transistors fabricated on films grown in vacuum and H2. 
The substrates were non-treated SiO2 at room temperature, 
octadecyltrichlorosilane (OTS)-treated SiO2 at room tem-
perature, or OTS-treated SiO2 at 60°C. 
 
mobility improved using the conventional methods such as 
the OTS treatment or the increase in substrate temperature 
can be further improved by H2 introduction during the film 
deposition. This result clearly demonstrates that the film 
deposition in H2 is quite effective for achieving high per-
formance pentacene TFTs.   
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