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Abstracts
By ink-jet printing method, organic thin-film 

transistors (OTFTs) having soluble 6,13-bis 
(triisopropylsilylethynyl) pentacene (TIPS pentacene) 
as an active material were fabricated. The TIPS 
pentacene solution was made with chlorobenzene and 
anisole. The solutions were printed on poly (4-
vinylphenol) (PVP) dielectric layers and source/drain 
electrodes by piezo-type heads for bottom contact 
OTFTs. The dielectric layers had untreated or HMDS-
treated conditions. The chlorobenzene device showed 
the highest field effect mobility of 0.016 cm2/Vs and 
the anisole HMDS-treated device shows the highest 
Ion/Ioff ratio of 105.

1. Introduction 
Organic thin-film transistors (OTFTs) have been 

improved the performance in the last several years and 
their field-effect mobility and on/off current ratio 
values are comparable to those of amorphous-silicon 
TFTs [1]. Many organic semiconductors are used for 
OTFTs. Especially the pentacene is one of the most 
promising organic compounds for many applications. 
OTFTs with field-effect mobility up to 7.0 cm2/Vs
using the evaporated pentacene have been reported [2]. 
Despite the high performance, the high vacuum 
deposition process is difficult to dramatically lower 
the manufacturing cost. Also, using shadow mask is 
unsuitable for large-area applications. The solution 
process, on the other hand, may enable the fabrication 
of large-area and low-cost applications such as the 
large size flat panel displays [3][4]. Also it is a 
method that can be adapted for the roll-to-roll process. 

Various solution processes are used to fabricate 
OTFTs such as spin coating, dip coating, drop casting, 
screen printing, blade coating, bar coating, rubber-
stamp printing and ink-jet printing [5-8]. Each of the 

solution processed films shows the different 
uniformity, molecular ordering and thickness. Usually 
Spin coating and dip coating are the methods for 
depositing uniform films. Films that deposited by drop 
casting shows a better ordering than those of deposited 
by spin coating, but with sample-to-sample variation. 
In this work, organic semiconductor films are 
deposited by ink-jet printing method.  

Ink-jet printing method is one of the solution 
processes that reduced wasting of organic 
semiconductor materials [9]. There are two most 
common types of ink-jet dispensers, piezoelectric 
crystal dispensers (piezoheads) and thermoelectric 
dispensers (bubble jet heads). Piezoheads work 
through use of a piezoelectric crystal. By applying a 
potential across the crystal, it will create a pressure 
wave that expels ink droplets. The ink droplet volume 
variation is impact factor to ensure that the smallest 
possible lines and gaps can be repeatedly and 
precisely made.  

Figure 1. OTFT device with TIPS pentacene 
solution was printed for a channel layer. 
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Usually soluble organic semiconductors such as 
poly (3-hexylthiophene) (P3HT) and functionalized 
pentacene are used for OTFTs by solution processes. 
In this study, 6,13-bis (triisopropylsilylethynyl)  
pentacene (TIPS pentacene) was used for OTFT 
fabrication. Figure 2 shows the structure with TIPS 
pentacene where added bulky groups at the 6 and 13 
positions of the pentacene molecule. TIPS pentacene 
is know to have a pi-type molecular crystal packing 
and also same crystal packing in solution process [5]. 

Figure 2. 6,13-bis (triisopropylsilylethynyl) 
pentacene (TIPS pentacene) 

2. Results 
OTFTs for ink-jet studies were made with a bottom-

gate, bottom-contact configuration. A 100-nm-thick 
Al-Si (Si 1 wt%) gate electrode was deposited by DC 
sputtering method at the room temperature. Poly (4-
vinylphenol) (PVP) was used for the gate dielectric 
layer by the spin-coating method with a thickness of 
600 nm. Propylene glycol monomethyl ether acetate 
was used as a solvent and 5 wt% poly (melamine-co-
formaldehyde) methylated was used as a curing agent 
for the 10 wt% PVP solution. The spin coated film 
was annealed in an oven at 200  for 60 min and 
cooled down to room temperature. In order to 
fabricate source/drain electrodes, e-beam-deposited Cr 
(5 nm-in-thickness) with a thermally evaporated Au 
(100 nm-in-thickness) layer was used. The gate and 
source/drain electrodes were patterned by a 
conventional photolithography method. Then some 
films were treated with hexamethyldisilazane 
(HMDS) by spin coating. HMDS was spun on the 
sample and maintained for 2 minutes and then spin-
coated at rate of 3000 rpm/min. Chlorobenzene and 
anisole were used as the solvent for dissolving TIPS 
pentacene with 1 wt% in concentration. The TIPS 
pentacene solutions were deposited by ink-jet printing 
method for channel layers (see Fig. 1). The ink-jet 
printing machine (UniJet UJ2100) had 30 m-size 
piezoheads (microfab) and XY-motion stage. The 
average ink drop diameter was 31 m, volume of 16.9 

pl and with average drop velocity of 3.0 m/s. The gap 
between the end of the piezo-head and the surface of 
the devices was 1 mm. The sizes of the ink-jet printed 
drops were different with the solution used. The 
chlorobenzene drop size was almost 10 percent larger 
than the anisole drop size. And the size of a drop on 
the untreated dielectric layer was almost 10 percent 
larger than those of a drop on the HMDS-treated one. 
This effect is due to the difference in the surface 
tension of the gate dielectric surface. As a result, it 
was difficult to make patterns accurately on the 
HMDS-treated surface with anisole-solution. 
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Figure 3. The transfer characteristics of the TIPS 

pentacene OTFTs ink-jet printed (a) from 
chlorobenzene and anisole on the untreated 

dielectric surface (b) from anisole on the untreated 
and the HMDS-treated dielectric surface. 
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Table 1. Transistor parameters for the variation solvents and surface condition in Figure 2
mobility  

(cm2/V-s) Ion/Ioff
threshold  

voltage (V) 
subthreshold 
slope (V/dec)

chlorobenzene untreated 1.6x10-2 103.5 10.5  
anisole untreated 4.3x10-3 104,5 4.5  
anisole HMDS-treated 4.1x10-3 105 -3.2 2.5 

Figure 3 shows drain to source current (IDS) versus 
gate to source voltage (VGS) characteristics with a 
drain to source voltage (VDS) of -30V (a) using 
chlorobenzene and anisole solutions on the untreated 
PVP dielectric surface, and (b) from anisole solutions 
on the untreated and HMDS-treated PVP dielectric 
surface. 

The untreated device from chlorobenzene solution 
shows the highest field effect mobility (0.016 
cm2/Vs), which is more than 3 times higher than that 
of untreated one from anisole solution (see Fig. 3 (a)). 
But the anisole device shows the higher current Ion/Ioff
ratio (104.5), and lower subthreshold slope than those 
of the devices from chlorobenzene (103.5). The leakage 
current (off current) of the chlorobenzene device was 
relatively high, which might be related to residual 
impurities, and oxidative doping by the solvent [10]. 
The reduced leakage current of both the devices may 
be achieved by several factors; (1) a sharp pattern of 
the ink-jet printed TIPS channel layer, (2) a 
passivation layer for isolation from air [11]. 

Figure 3 (b) shows the effect of the dielectric 
surface treatment. Both the devices had similar field 
effect mobility (~0.004 cm2/Vs), but the HMDS-
treated one showed higher current on/off ratio (105), 
and lower subthreshold slope (~2.5 V/decade) than the 
untreated one. In addition to the HMDS-treatment, the 
threshold voltage shifted towards more negative 
values. It may caused by the dipole moment 
depending on the electron acceptance property of the 
HMDS’s head group (CH3)3Si [12]. 

3. Conclusion 
Here, OTFTs with ink-jet printed TIPS channel layer 

were fabricated. The device made from chlorobenzene 
solution had the highest field effect mobility than that 
of the device from anisole solution. But the 
chlorobenzene device had lower Ion/Ioff ratio, larger 
threshold voltage and subthreshold slope. 

 When anisole solution was ink-jet printed on 
untreated and HMDS-treated dielectric layers, the 
HMDS-treated device showed higher Ion/Ioff ratio and 
lower subthreshold slope. However it was difficult to 
make patterns accurately on the HMDS-treated 
dielectric layers with anisole solution. It might be 
arranged by using the hydrophobic treated bank layers. 
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