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Abstract 

We have developed polymer LED displays using ink 
jet printing without visible swathe marks which can be 
observed during display operation. In addition, we 
have also developed a single-pass printing technology 
for hole-conduction layer deposition to significantly 
reduce the complexity of interlacing printing across 
the panel which is known as an alternative to remove 
the swathe mark. 

1. Introduction 
During the past few years, Organic Light-emitting 
Diode (OLED) display have been considered as an 
alternative for the next generation display due to its 
advantages such as wide viewing angle, fast response 
time and less costly manufacturing processes, and 
several companies are now producing displays for the 
mobile phone or digital camera. Up until now, three 
major techniques are developed for the OLED 
manufacturing; Evaporation method using mask, laser 
induced thermal imaging (LITI), and ink jet printing. 
Among them, ink jet printing method has a very good 
potential because of its scalability, fast throughput, 
minimal waste of the material and simple overall 
processing, and several papers have been reported in 
this field. [1-4] However, emission differences 
between or even within the printing swathes cause bad 
non-uniformities across the panel, and these are easily 
detectable by eye. Non-uniformities associated with 
swathes can be attributed to deviating nozzles and by 
drying effects at swathe edges. Deviating nozzles will 
lead to poor well filling this in turn will lead to 
volume variations or shorting phenomena.  

To remove these swathe marks, various kinds of 
interlacing method are widely used across the panel in 
column or row or both. However, the interlacing 

technique requires specific optimization depending on 
the display size and also prolong the processing time 
since multiple passes of the head are required.  

Recently, we have developed the single-pass printing 
technology for the hole-injection layer deposition 
without interlacing, and have obtained very uniform 
film profiles within the pixel and also across the 
swathes. The resulting displays show uniform display 
emission without any swathe marks. In addition we 
have transferred the process from 7” to 14” and 
shown that the process is robust to these changes. 
Here we briefly report the results.  

2. Ink Jet Printing Process 
2.1 Substrate Preparation 
For the process development, we’ve used amorphous-
Si TFT panels. Polymer banks are formed using 
conventional positive photoresist dielectric materials 
to define the pixel area with a previously-optimised 
bank. Before printing, whole substrates were plasma 
treated to selectively make the bank surface 
hydrophobic and whereas ITO areas hydrophilic 
enough to ensure containment of the PEDT ink.  
 
2.2 Ink Jet Printing Process 
Polymers were printed with a Spectra SX print head 
having 128 nozzles. To print full colour displays 
requires the printing of four separate layers - we print 
hole-injection material (polyethylene dioxythiophene / 
polystyrene sulphonate (PEDT/PSS)) onto the whole 
display area followed by printing of RGB layers. For 
each of the four inks we measure and optimize drop 
volumes, directionality and velocity before printing.  
To ensure acceptable well filling it was necessary to 
achieve good drop placement. Although there are 
many factors that affect drop placement the 
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significant factors are the drop directionality and 
mechanical placement of the nozzle over the well. For 
a suitable ink, jetting from a well maintained nozzle 
plate  the Spectra SX-128 head is capable of drop 
directionalities of <±10 milliradians –this corresponds 
to a drop placement error of <±5µm at a head-
substrate distance of 0.5mm. We find that to achieve 
good well filling we require the overall drop 
placement error of <±10 µm, this means that we have 
to achieve a mechanical placement of the nozzle over 
the well to better than 5 µm. Drop placement error is 
measured using a vision system to calculate the drop 
centre from a known reference point.  Figure 1 shows 
the drop placement variation across a number of 
nozzles at a particular area on a substrate. Here we 
can see that the drops are all grouped within a ±5µm 
box, indicating very good directionality. To 
distinguish between drop directionality errors and 
mechanical errors we can use the fact that over a 
sufficiently large number of nozzles the directionality 
is randomized. Hence if we want to know the stage 
errors at a point on the substrate we average the drop 
position of a number of drops printed from different 
nozzles. As an example if we average the data shown 
in Figure 1 we can obtain a mechanical error (caused 
by stage non-linearity, bow, thermal effects and 
alignment tolerances for example) for that particular 
location on the substrate.  
 

Variation across nozzles 
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Figure 1. Locations of individual drops of ink printed from a 
range of nozzles around one location of a substrate. The 
measurement indicated the drop directionality errors 
associated with the ink/head combination 

 
Figure 2 shows the mechanical errors across a 14 inch 
substrate obtained in this way.  In this example we 
can see that mechanical errors can be reduced to <±3 

µm.  
 

Drop placement across panel
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Figure 2. Average positions of drops printed at different 
locations over a 14 inch substrates. The measurements 
indicate the mechanical errors associated with the printer 
over the substrate area. In this case the area is divided over 
eight columns with four measurements per column. 

 
During the printing process, all selected nozzles are 
used within a single printing pass without any 
interlacing. By achieving acceptable drop placement 
we can ensure that all wells are filled, however drying 
effects can lead to non-uniform profiles at swathe 
edges and non-flat films within the well. Figure 3 
shows initial PEDT profiles across the swathe. As 
shown in Figure 3, we could observe the non-uniform 
profiles across the swathe, and severe coffee-ring 
effect were found within the swathe area. Such a non-
uniform profile usually causes an uneven emission not 
only due to PEDT thickness difference but also due to 
the thickness variation of LEP on top of the PEDT 
film.  
 

 
Figure 3. Accumulated PEDT profiles across the swathe 
before PEDT ink optimization (-10th to +10th pixels are 
measured across the swathe) 

 
The reason for the profile changes across the swathe 
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edge are due to differences in the drying environment 
for wells at a swathe edge compared to wells in the 
middle of the swathe. For such an ink the particular 
profile within a well becomes dependent not only the 
position relative to the swathe edge but also on the 
timing of one swathe to the next.  
To get the flatter profile, we re-formulated the PEDT 
inks, and Figure 4 shows the profiles after first 
reformulation. Though there exists some 
improvement, it still shows the slightly non-uniform 
profiles variation across the swathe. To overcome this 
effect it is necessary to formulate inks that dry on a 
longer timescale then the swathe print time. In this 
way we can make inks that not only remove swathe 
drying effects but are robust to changes in display 
layout and substrate size. 
 
 
 
 
 
 
 
 
Figure 4. Accumulated PEDT profiles across the swathe after 
1st ink optimization (-10th to +10th pixels are measured across 
the swathe) 

 
After several iterations, we finally optimized the 
PEDT ink and drying conditions to obtain very flat 
profiles within the pixel. We have also made 
significant improvements removing swathe marks 
across the panel using this reformulation. Figure 5 
shows the profile changes across the representative 
swathe borders.  
To demonstrate the robustness of this ink and process 
we printed a 14 inch panel - twice the size (four times 
the area). Because the printed area is twice as long the 
swathe takes twice as long to print and there are twice 
as many swathes to cover the panel, hence the drying 
environment is quite different. However in Figure 6 
we can see that for this ink there is still no variation in 
profile across the swathe join. Also, we checked the 
luminance difference across the swathe join. Figure 7 
(a) shows the emission image captured by fine 
resolution CCD camera and Figure 7(b) shows the 
luminance versus the column number corresponding 

to the above emission image. Also, we can’t see any 
visible printing mark. 
 
 
 
 
 
 
 
 
Figure 5. Accumulated PEDT profiles across the swathe after 
final ink optimization (-10th to +10th pixels are measured 
across the swathe) 
 
 
 
 
 
 
 
 
 
 
Figure 6. Accumulated PEDT profiles across the swathe using 
final ink optimization on 14 inch panel. 
 
 
 
 
 
 
 

 
Figure7. (a) Luminance image captured by fine resolution 
CCD camera (b) Corresponding luminance across the swathe 
using final ink optimization on 14 inch panel. 
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3. Conclusion 
 

In conclusion, optimized ink formulation and drying 
process have enabled us to achieve uniform film 
profiles as well as uniform emission over the entire 
display. Until now, interlacing printing was 
considered as a unique alternative to compensate the 
swathe marks. However, this technique is too 
dependent on the substrate, display, and pixel size. In 
this paper, we have made great improvements in 
controlling the PEDT profile without interlacing, and 
this will significantly reduce the complexity of 
interlacing. 
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