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Abstract 
Organic thin-film transistors (OTFTs) were fabricated by 
using the transfer patterning method. In order to remove 
Au pattern easily, UV-curable polymer mold was surface 
treated. Au source/drain (S/D) pattern was transferred to 
insulator-coated substrate surface. Fabricated OTFTs 
were compared to OTFTs using vacuum-deposited Au 
S/D. Additionally, transistor diodes were characterized. 

 
 

1. Introduction 
 

Various printing methods such as ink-jet printing1, 
micro contact printing2 and transfer printing3 are being 
developed for flexible electronics. Compared to 
conventional photolithography process, printing 
process has advantages including low manufacturing 
cost, large area and low process temperature. In the 
OTFT fabrication, patterning of Au S/D by using 
thermal evaporation method has limit to define 
channel length under about 20 µm. This limit of 
patterning can be overcome by transfer printing 
method which limit depends on the mold. OTFTs 
using transfer-printed Au S/D were fabricated. The 
rectifier is one of key components in the radio 
frequency identification (RFID) tag. The rectifier 
supplies operating power to the tag from AC-voltage 
signal. The transistor diode which had shorter channel 
length defined by transfer printing method showed 
better frequency characteristics. 

 

2. Experimental  
 

The surface of trimethylolpropane propoxylate 
triacrylate (TPT) mold on poly(ethylene terephthalate) 
(PET) substrate was poly(dimethylsiloxane) (PDMS)-
coated. The PDMS coating process is described.4 ITO-
gate-patterned glass was used as a substrate. 340- or 
460-nm-thick poly(4-vinylphenol) (PVP) was spun on 
the substrate as a gate insulator and thermally cured at 
200 °C for 30 min. Thin poly(methyl methacrylate) 
(PMMA) layer was spun on PVP insulator as a Au-
adhesion layer. PDMS-coated surface has low surface 
energy enough for Au on PDMS surface to be 
transferred to PMMA surface. Au was vacuum 
deposited on the mold. The thickness of Au was 40 
nm. To increase adhesion between Au and PMMA 
surfaces, The TPT/Au mold was UV-O3 treated for 20 
min. The PVP/PMMA substrate was pressed by the 
TPT/Au mold at 110 °C and 2.4 MPa for 30 min. Au 
S/D pattern was transferred and channel length (L) 
was 9 µm. For comparing to Au S/D patterned by 
using transfer method, Au S/D electrodes also 
patterned by using vacuum deposition method and L 
was 40 µm. 6,13-bis(tri-isopropylsilylethynyl) 
pentacene (TIPS-pentacene) 0.5 wt% solution in 
toluene was drop-casted5 on the channel region and 
dried in the ambient condition. 
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3. Results and discussion 
 

Fig. 1 shows transfer characteristics of OTFTs 
using transfer printing method (solid) and vacuum 
deposition method (open). For comparison, drain-
source current (IDS) was divided by channel width of 
each device. Table 1. summarizes TFT parameters 
calculated from transfer characteristics in Fig. 1. At 
the same PVP thickness, normalized on current of IDSs 
showed higher values because of shorter L. 
Normalized off currents of devices with vacuum 
deposited Au S/D were lower than those of devices 
with transfer printed Au. It might be that when 
insulating layer was pressed, the layer was damaged 
and resulted in higher leakage current. 
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Fig. 1. Transfer characteristics of OTFTs using 
transfer printing method (solid) and vacuum 
deposition method (open). Drain-source current 
was divided by channel width. 

  
TABLE 1. Transistor parameters of devices using 
transfer printing method and vacuum deposition 
method at VDS = -10 V.  

patterning 
method 

dPVP 
(nm) 

Vth 
(V) 

µ 
(cm2/Vs) 

Ion/Ioff 
(A/A) 

S 
(V/dec)

340 1.3 0.066 4.7×102 3.6 Transfer 
printing 460 0.6 0.010 2.6×103 3.4 

340 -0.3 0.078 9.5×104 1.0 Vacuum 
deposited 460 -0.1 0.031 5.1×104 0.8 

 
This higher off current in the devices using transfer 

printed Au affected transistor diodes. At reverse bias 
region V > 0 V in Fig. 2, normalized current of 
transistor diodes using vacuum deposited Au showed 
lower values at the same insulator thickness. In a 
similar manner as mentioned above, shorter L resulted 
in higher transistor diode normalized current. In the 
forward bias region, higher diode current is important 
because it can supply higher DC output voltage. 
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Fig. 2. Normalized I-V characteristics of transistor 
diodes using transfer printing (solid) and vacuum 
deposition (open). Diode current was divided by 
channel width. 

 
 
In Fig. 3, normalized output voltages versus 

frequency of input voltage signal were shown. For the 
devices which had shorter L using transfer printing 
method, 3-dB frequency (f3dB) was higher. When 
charge across the channel region at a given field, 
inverse transit time (1/τ) is related to f3dB. If we 
assume ohmic contact between Au S/D electrode and 
active layer, we can write as following equation. 

 

23
1

L
Vf dB
⋅

=≈
µ

τ
 (1) 

 
where µ is the mobility, and V is the operating voltage. 
At PVP thickness of 340 nm, calculated f3dB was 0.8 
MHz which is similar to extracted value f3dB = 0.9 
MHz from experimental data. 
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Fig. 3. Normalized output voltage vs. frequency 
characteristics of transistor diodes using transfer 
printing (solid) and vacuum deposition (open). 
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4. Summary 
 

Au source/drain pattern was printed by using 
transfer printing method. Although there is high off 
current problem, OTFT and transistor diode with Au-
transferred S/D pattern operated well. By this method, 
shorter channel length was realized than by vacuum 
deposition method. 3-dB frequencies of transistor 
diodes were 6.4 and 4.9 times higher at dielectric 
thicknesses of 340 nm and 460 nm, respectively. 
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