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1. Introduction. 
Printed thin film transistors (TFT) provide 

opportunities to reduce display manufacturing cost and 
enable roll-to-roll processing.  Jet-printing in particular 
requires no physical mask, has digital control of ejection 
to provide drop-on-demand printing, and provides good 
layer-to-layer registration [1,2,3].  However, new 
materials and processing steps must be developed, since 
printing uses liquid materials, and there are many 
challenges in creating the technology.  We describe recent 
progress towards jet-printed TFT backplanes, based on 
polymer solutions and nano-particle metal inks. 
 
2. Materials and printing process 
Nano-particle metals 

Several solution-based materials are now available 
for the various layers of the TFT.  The gate and source-
drain contacts of our devices are made from nano-particle 
silver [3].  The advantages of this material are that it has 
sufficient conductivity for the data address lines, it can be 
jet-printed and the films sinter to a robust layer at low 
temperature compatible with deposition on plastic 
substrates, and silver forms a suitable contact to organic 
semiconductors [4].  The jet-printed Ag feature size 
depends on the surface energy of the substrate – a very 
hydrophobic surface causes the ink to break into droplets 
rather than forms continuous line, while a very 
hydrophilic surface gives undesirable spreading of the ink 
and very large features [5].  Figure 1 shows that on a 
suitable surface, the printed lines have straight edges and 
reasonable feature sizes.   

 
Figure 1.  Photograph of a printed pattern using Ag 

nano-particle ink to form the gate layer of the array. 
 
Figure 2 shows that the surface profile of the printed 

metal line is reasonably flat.  The tendency for the nano-
particle solute to migrate to the edge of a drying drop – 

the well-known coffee stain effect – can be controlled by 
suitable choice of the solvents. 
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Figure 2.  Profile of a printed Ag line with average 
thickness of 300 nm. 

 
Polymer semiconductor and gate dielectric 

The gate dielectric must combine good dielectric 
properties for the TFT with a suitable surface energy for the 
printed contacts and be chemically resistive to the layers placed 
on top.  We have found that both PVP and SU-8 are suitable 
dielectric materials for our semiconductor [6]. The gate 
dielectric is spin-coated rather than jet-printed because it is a 
continuous layer in the TFT array.   

The semiconductor is a polythiophene, PQT-12, which 
exhibits mobility ~0.1 cm2/Vs on optimized surfaces [7].  One 
of the challenges of the printed TFT backplanes is to achieve 
similar mobility on the printed surface, with a polymer 
dielectric. 
Printing processes 

A piezo-electric jet-printing system is used to deposit the 
metal and semiconductor layers [8,9].  The printer uses a 
computer vision system to register the different layers, giving a 
~5 micron position accuracy.  The various print-heads used 
have nozzle size of 30-50 micron, and result in printed features 
sizes of 60-80 micron.   The channel length between source and 
drain contacts can be made smaller than the feature size, 
because of the high printing accuracy. 

Printed backplanes are made on both glass and 8 mil 
polyethylene napthalate (PEN).  The PEN substrate is coated 
with a buffer layer to planarize and provide a suitable printing 
surface.   The nano-particle silver is sintered at 150C after the 
solvent has dried, and the PQT-12 polymer is annealed at 120C 
to achieve high mobility.  

 
3. Backplane fabrication and performance 

The TFT is a bottom gate, bottom contact device with the 
structure illustrated in Figure 3.   
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Figure 3.  Schematic illustration of the bottom gate, 
bottom contact, printed TFT structure. 
 

The backplane is intended for a active matrix  
reflective display.  The pixel contains the TFT, gate and 
data address lines, the media contact pad and a pixel 
capacitance to minimize the feed-through voltage.  The 
pixel size is 680x680 micron, which is largely determined 
by the feature size that we are able to print. The process 
involves three jet-printing steps and the spin-coated 
dielectric.  Encapsulation of the TFTs can be done by 
spin-coating and we have shown that PMMA is effective.  

We have fabricated small (2” diagonal) test array 
with a 50x50 pixel format using the process described 
above [5,6]. Figure 4 shows a photograph of the 
backplane and the pixel. 

 

                 
Figure 4.  Photograph of the printed TFT backplane 

on PEN substrate, and an individual pixel. 
 
The jet-printed TFTs have reasonable performance, 

and examples of the transfer characteristics in the 
saturation regime are shown in Figure 5.  The typical 
mobility is 0.04 cm2/Vs, and in a few cases mobility of 
~0.1 cm2/Vs was observed, which is the same as 
optimized lithographically patterned devices.  The 
effective mobility is reduced by several mechanisms, 
including roughness of the dielectric, insufficiently 
hydrophobic dielectric surface and high contact 
resistance. It is therefore important to carefully optimize 
the materials and printing process to obtain high TFT 
mobility. 

   

 
 
Figure 5.  Transfer characteristics of a TFT using the printing 
process and on a PEN substrate. 
 
4. Discussion and conclusions 

We have demonstrated that a polymer TFT array can be 
jet-printed on a plastic substrate with reasonable TFT 
performance.  The technology may be useful for e-paper, 
signage and other flexible electronics applications. Application 
to higher resolution and video rate displays is limited by the 
low mobility of the solution-based semiconductor and the large 
printed feature size.  In the future both higher performance 
semiconductor materials and smaller jet-printer drop size can 
be expected.    
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