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Figure 1 (a) One print-based via tec -based via technology using the 
ine 

(d) on 100nm AlOx/ITO/glass, which was prepared by printed NaOH etching at 200oC for 5min as shown in (b). 

ABSTRACT 

Two printed via processes are reported for interconnecting 
transistors and circuits through dielectric layers. Inkjet 
printing was used to print corrosive ink materials on dielectric 
layer, which etch through the dielectric layer to form via 
holes. Subsequent printing of conductive tracks establishes 
electric connection between upper and lower levels of circuits. 
High performance thin-film transistors have been fabricated 
by printing ITO electrodes and IZO semiconductor channels. 
The printed transistors were then connected to form inverter 
circuits through printed via holes. High mobility and high 
voltage gains were exhibited with the printed transistors and 
inverters, demonstrating the feasibility of printed via process. 
The method is scalable to large array of complicated circuits, 
paving the way to construct integrated circuits in printed 
electronics. 

Keywords: inkjet printing, oxide thin film transisitors, 
high performance, inverters, printed electronics. 

 
1. INTRODUCTION 

In recent years, printed electronics have attracted more 
and more attentions because of the advantages of high-
throughput, large area, flexible and low cost etc [1-4]. 

Fabrication process can be simplified by using printing-based 
techniques instead of conventional photolithography and 
vacuum deposition [5]. Printed thin film transistors have been 
demonstrated, employing semiconductor inks such as carbon 
nanotubes, organic polymers or organic small molecules and 
metal oxides etc [4, 6-9]. Most of the printed transistors so far 
exhibited high charge mobility of more than 1cm2/Vs and 
high on/off ratio. In recent years, printed electronics starts to 
evolve from single components to systems where 
interconnects are essential for transistors to be connected into 
circuits [4, 10,11].  

In the present work, two printing-based techniques have 
been developed to make holes in order to achieve 
interconnection through dielectric oxide layer. One is 
employing special silver paste in combination with heating 
treatment and another is employing inkjet printable alkaline 
ink. The techniques have been applied to fabrication of 
bottom-gated metal oxide thin-film transistors where gate 
electrodes under dielectric layer were connected to 
source/drain electrodes above the dielectric layer to form a 
simple inverter circuit. Printing fabrication of other parts of 
the thin-film transistors was also investigated, including 
electrodes and semiconductor layer. The present work has 
demonstrated the feasibility of printed thin-film transistors 
and circuits without employing any conventional 
photolithographic patterning and etching processes.  
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Figure 2 (a) I-V characteristic of the a printed ITO wire on 
glass, (b) I-V characteristic between the two silver paste on 
the dielectric layer under which the printed ITO wire was,  
(c) I-V characteristic between the two silver paste, which 
destroyed the insulation of the under dielectric layer after 

heating at 550oC for 1hour. 

 

Figure 3 Fabrication process of an inverter with two unipolar transistors: (a) glass substrate, (b) printing TCO gate     
electrodes, (c) deposition of dielectric layer. (d) via agent were printed, (e) the via agent etch the dielectric layer and the 
electrical channel formed, (f) printing semiconductor channels, (g) printing source/drain electrodes, (h) electrodes were 

interconnected, (i) the inverter circuit diagram. 

2. EXPERIMENTAL  

Indium tin oxide (ITO) ink and indium zinc oxide (IZO) 
ink were prepared by dissolving tin (IV) chloride 
(SnCl4·5H2O), indium chloride (InCl3·xH2O) and zinc 
chloride (ZnCl2) in 2-methoxyethanol. The molar ratios of 
ITO and IZO were Sn/In=10/90 and In/Zn=70/30, 
respectively. Small amount of ethanolamine was added to the 
solution for long-term stability. Eagle XG glass substrates 
were purchased from Corning and they were cleaned by 
ultrasonic washing in P3 Siliron HS aqueous solution and 
deionized water in turn, prior to use. All of the electrodes, 
semiconductor channels and interconnects were fabricated by 
printing ITO ink and IZO ink using an ink-jet printer 
(Dimatix DMP-2831). Dielectric layer was made of 
aluminum oxide (AlOx) by atomic-layer-deposition 
(Cambridge NanoTech) at 300oC. 

dielectric film, two printing-based techniques were used. In 
the first one, silver paste (Inktec, TEC-PA-045) was dip 
printed on the dielectric oxide layer, following by heating at 
550oC for 1 hour. In the second method, NaOH was ink-jet 
printed on the dielectric layer using its aqueous solution, 
followed by heating and washing. With both methods, small 
via openings through the dielectric layer were obtained. 

The thickness and morphology of printed layers were 
measured by Dektak 150 Surface Profiler. The electrical 
characteristics were measured under dark conditions in 
ambient air using Keithley semiconductor parameter analyzer 
(model 4200-SCS). To measure the dielectric constant of the 
aluminum oxide layer, Al top electrode with area of 0.5mm2 
was thermally evaporated on the surface of the aluminum 
oxide layer grown on the ITO glass. 

 
3. RESULTS AND DISCUSSION  
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Figure 4 (a) Typical transfer charac
channel, printed ITO S/D electrodes, dielectric layer of 300nm SiO2 and gate electrode of heavily doped Si substrate. (b) The 

output characteristic of the same transistor in (a). (c) Typical transfer characteristics of an optimal IZO TFT (W/L= 
ure 2, which consisted of printed IZO channel, printed ITO S/D electrodes, printed ITO 

gate electrode and 100nm dielectric layer of aluminum oxide. (d) The output characteristic of the same transistor in (c). (e) 
Voltage transfer characteristics of two IZO TFT inverter circuit prepared as the route show in Figure 1, where via was formed 
using printed NaOH (as shown in Figure 3b) and printed ITO as the interconnected wires. (f) The voltage gain of the inverter. 
 

The details of printed via techniques are depicted in 
Figure 1. In our work, - method [12] 
has been employed to make via holes as illustrated in Figure 
1a. After thermal treatment in air, the printed Ag paste has 

broken through the insulation of aluminum oxide layer and 
formed good electrical contact with the ITO film underneath 
(Figure 2). At least 550oC of thermal annealing is needed if 
the aluminum oxide layer is 100nm thick, which limits the 
substrate material only to glass. For low temperature process, 
printed alkali such as NaOH, KOH and TMAH etc, can be 
employed to in-situ etch the aluminum oxide dielectric layer 
as illustrated in Figure 1b. This technique has been proved to 
produce via holes in aluminum oxide layer reliably in large 
area, as shown in Figure 1c-d. The etching of aluminum oxide 
is also thermally assisted. Typically, at temperature of 90oC, 
it needs a few hours to etch through a 100nm aluminum oxide 
layer in the case of printed NaOH, whereas the etching time 
can be shortened to less than 5 min at 200oC. 

Figure 3 illustrated the process flow of making an inverter 
by the printed via strategy. The inverter, consisting of two 
unipolar transistors, is simple but has all the components for a 
transistor-based circuit, including patterned source/drain (S/D) 
electrodes, patterned gate electrodes, patterned semiconductor 
channel and interconnection of the electrodes on the both 
sides of the dielectric layer. In the first step, ITO ink is 
printed to form the gate electrodes on glass substrate (Figure 

3b). Then, aluminum oxide dielectric layer covering the 
whole substrate is deposited using ALD (Figure 3c). 
Following the deposition of dielectric layer, via holes are 
fabricated by printing according to the aforementioned routes  

3d-e), which provides the conductive tunnel from the ITO 
gate electrode to the upper surface of dielectric layer. Then, 
IZO semiconductor channels and ITO source/drain electrodes 
are printed on the dielectric layer to construct the transistors. 
Finally, the transistors are connected by printing ITO lines 
over via holes to form the inverter, as shown in Figure 3h-i. 
The whole fabrication process involves only printing and film 
deposition, excluding any photolithographic patterning.  

Figure 4 shows the transfer and output characteristics of 
printed IZO transistors with printed ITO source/drain 
electrodes on two types of substrate. For printed transistors on 
silicon substrate with SiO2 as the dielectric layer, the field 
effect saturation mobility was ca. 1.2 cm2/Vs and on/off ratio 
reached to 106. For printed transistors on glass with AlOx as 
the dielectric layer, they exhibited higher mobility of more 
than 5cm2/Vs and on/off ratio of 106, which were superior to 
those solution process transparent oxide semiconductor (TOS) 
transistors whose source/drain electrodes were printed [13, 14] 
and even comparable to those solution-derived transistors 
with vacuum-deposited source/drain electrodes[8]. The 
difference of mobility for the two types of substrates was 
attributed to their different dielectric layers. The dielectric 
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constant of AlOx layer is about 8.5, whereas the dielectric 
constant of SiO2 layer is only 3.9. 

Based on the aforementioned printed via technology, an 
inverter circuit was constructed by connecting two transistors 
through the above NaOH-based printing via technique (Figure 
1b). Figure 4e-f showed the characteristics of inverter, which 
exhibited good logic function with a maximum voltage gain 
of 14.  

 
4. CONCLUSION  

 
Two printed via processes have been developed for 

interconnecting transistors and circuits through dielectric 
layers. With printed Ag paste or alkaline ink, lithographic 
patterning and etching can be avoided. High performance 
thin-film transistors have been fabricated by printing ITO 
electrodes and IZO semiconductor channels. The printed 
transistors were then connected to form inverter circuits 
through printed via holes. High mobility and high voltage 
gains were exhibited with the printed transistors and inverters, 
demonstrating the feasibility of printed via process. The 
method is scalable to large array of complicated circuits, 
paving the way to construct integrated circuits in printed 
electronics. 
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