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Abstract 
Effects of nano-silver contents(15~50wt%) on screen 

printed-etched gate electrodes and electrical 
characteristics of OTFTs were investigated. As Ag contents 
increased, the screen-printed film was transferred exactly 
without spreading and obtained the densely-packed layer 
with a stable and excellent conductivity but, its thickness 
was increased and surface became rougher. It was found 
that the leakage current of MIM devices and off-state 
currents of OTFTs became larger due to poor step coverage 
of PVP dielectric layer on the thick and rough gate 
electrodes for nano-Ag inks with Ag contents more than 
30wt%. 

 
 

1. Introduction 
 

The gate electrode of OTFT requires to have a high 
conductivity and a good adhesion with substrate as 
well as gate dielectric layer, and also a thin layer 
thickness and smooth surface to prevent a poor step 
coverage of dielectric layer inducing an electrical 
short. The heavily doped Si wafer, the sputtered ITO 
and the thermally evaporated metal have been used for 
gate electrode. However the conventional vacuum 
processes are not expected to satisfy the large-area 
deposition with the low-cost and at the low 
temperature and with the roll-to-roll process. 
Therefore, recently the solution processes such as ink-
jet printing [1], roll-printing(gravure and flexography 
printing) [2], transfer printing [3] with a metallic ink 
or a conducting polymer and etching or lift-off for the 
solution processed metallic film such as spray coating, 
electroplating and spin coating [4,5] have been 
applied.  

In this paper, gate electrodes for OTFT using screen-
printing and wet-etching among solution processes 
with nano-silver(Ag) ink were fabricated by varying 
nano-Ag contents(15~50%). And effects of nano-Ag 

contents on geometric and electrical characteristics of 
gate electrodes and of OTFTs were investigated.  

 
 

2. Experimental  
 

The nano-Ag inks with Ag contents of 15~50wt% 
were purchased from ANP Co.. The average diameter 
of Ag particles was about 30 nm. The Ag particles 
were mixed with the base solvent of terpineol with a 
high boil-point(214~220 ) to prevent the solvent 
from being evaporated during printing process.  

To investigate the effects of nano-Ag contents on 
geometrical and electrical characteristics of gate 
electrodes fabricated by screen-printing and wet-
etching, the Ag films were deposited onto 
PVP(polyvinylphenol)-coated PC(polycarbonate)  
plastic by screen printing from inks with nano-Ag 
contents of 15~50wt%. Subsequently, they were cured 
at 200  for 30 min, and then finally wet-etched 
through the patterned positive photo-resist masks, 
respectively.  

To fabricate OTFTs, PVP dielectric layer with a 
thickness of about 350 nm was deposited on the gate 
electrodes using spin-coating. The detailed process for 
PVP dielectric can be found in the literature [6]. 
Subsequently, Au layer with a thickness of 45 nm was 
deposited for the S/D electrodes by thermal 
evaporation, and then patterned by lift-off process. 
Finally, pentacene layer with thickness of 45 nm was 
deposited on the S/D electrodes with a deposition rate 
of 0.3 /s in the base pressure less than 2×10-8 Torr 
through an aligned shadow mask to make the bottom 
contact OTFT devices. 

 
 
 

3. Results and discussion 
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Fig. 1 shows a plot of viscosity against shear rate 
for inks with nano-Ag contents of 15~50wt. As Ag 
contents increased, the viscosity of inks was increased 
and the screen-printed Ag film using the inks had 
different printing results. The nano-Ag ink containing 
15wt% Ag filler exhibited a viscosity of 80~85 cps, 
which led to the spreading and loosely-packed Ag film 
with partial stains. On the other hand, the nano-Ag ink 
containing 50wt% Ag filler showed a viscosity of 
600~900 cps, which resulted in the Ag film with a few 
air-bubbles and mesh stains.  

 

 
 

Fig. 1. The viscosity against shear rate for inks 
with various nano-Ag contents(15~50wt).  

 
 
Also, as Ag contents increased, the thickness of Ag 

electrode was increased and the etching time in wet-
etching process became longer as shown in Fig.2. And 
the larger deviation of etching time was required to 
remove the residual Ag layer perfectly. 

 

 
 
Fig. 2. The thickness and etching time of the 

screen printed-etched Ag electrodes by 
nano-Ag contents(15~50wt).  

 
 
Fig. 3 exhibits the sheet resistance of screen 

printed-etched Ag electrodes and the average leakage 
current(voltage : -30 V ~ 30 V) of MIM devices with 
Ag electrodes by nano-Ag contents. From these 
results in Fig. 3, it was found that the conductivity of 
Ag electrodes was better and stable due to the 
densely-packed and thick Ag film but, leakage current 
of MIM devices became lager because of the poor 
step coverage of PVP dielectric layer(t:~350 nm) on 
the thick and rough Ag gate electrode as shown in Fig. 
4((a):20wt%, (b):50wt%) by increasing the Ag 
contents. The FE-SEM images of Fig. 4 show the 
different step coverage of PVP dielectric layers on the 
Ag electrodes by nano-Ag contents. The good step 
coverage is very important to prevent the electrical 
shorts from occurring between gate and S/D 
electrodes. 

 

 
 
Fig. 3. The sheet resistance of Ag electrodes and 

the average leakage current of MIM 
devices by nano-Ag contents(15~50wt).  

 
 

  
 
Fig. 4. FE-SEM images of the cross-sections of 

the screen-printed Ag electrodes by nano-
Ag contents((a):20wt%, (b):50wt%). 

 
 
As shown in Fig. 5, for the case of the screen 

printed-etched Ag gate electrode with ink containing 
40wt% Ag filler, the off-state current of the fabricated 
OTFT was very large and for the case of 50wt%, the 
fabricated OTFT didn’t exhibit the electrical 
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characteristics of OTFT device due to the large 
electrical shorts between gate and S/D electrodes. 

 

 
 

Fig. 5. The electrical characteristics of 
OTFTs(W/L=400/40 um) with the screen 
printed-etched Ag electrode by nano-Ag 
contents(15~50wt). 

 
 

From the results, we have found that the screen 
printed-etched Ag electrode with the thickness less 
than 150 nm achieved by nano-Ag content less than 
30wt% produced the good electrical characteristics 
such as low average leakage current less than 10-6 
A/cm2 in MIM devices and off-state current of 10-3 
pA/um in OTFTs 
 
 

4. Summary 
 

We investigated the effects of nano-Ag 
contents(15~50wt%) on screen printed-etched gate 
electrodes and electrical characteristics of OTFTs. It 
was found that the screen printed-etched Ag electrode 
with the thickness of 30 nm achieved by nano-Ag 
content of 15wt% exhibited the spreading and loosely-
packed Ag film with partial stains and the unstable 
conductivity. On the other hand, the screen printed-
etched Ag electrode with the thickness more than 200 
nm obtained by nano-Ag content more than 40wt% 
produced the poor electrical characteristics such as 
large average leakage current of MIM devices and off-
state current of OTFTs due to the poor step coverage 
of PVP dielectric layer(t:~350 nm) on the thick and 
rough gate electrodes.  
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