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Abstract 
We fabricated large-area OLED lighting device using 
screen printing. In order to operate full area of large-
area OLED uniformly, each cell in OLED panel was 
designed to work separately. We connected OLED panel 
with a PCB electrically using jig pins so that each cell 
could be operated individually. In this presentation, we 
report a few important issues on the fabrication of large-
area OLED for lighting applications. 

 
 

1. Introduction 
 

Since the first organic light-emitting diode (OLED) 
was discovered in 1987 [1], OLED technology has 
been commercialized recently as small-size displays 
for mobile phone and medium-size displays for 
television. So far the emphasis of OLED research has 
put on display application, but very recently OLED 
has attracted emerging attention for lighting 
applications. As the lightings, OLEDs have numerous 
advantages over existing lightings, which could be 
low power consumption, high color rendering index, 
and freedom in lighting design. In order for this 
OLED technology to be competitive in the lighting 
industry, however, low-cost fabrication of OLED must 
be realized to compete with conventional fluorescent 
lamps. Among two types of OLED fabrication 
techniques which utilize vacuum processes and 
solution processes, the solution processes should be 
preferred for reducing fabrication cost due to low 
equipment cost and less waste of materials. For the 
solution-based fabrication process, various processes 
can be utilized such as spin coating, screen printing 
[2,3], gravure printing [4,5], and ink-jet printing [6]. 
Recently, a large-area OLED fabricated by roll-to-roll 
gravure printing process has been demonstrated [4]. 
Comparing with the gravure printing, screen printing 

is not only a simpler process but also possible for roll-
to-roll printing. In this study, simple screen printing is 
presented for the low-cost fabrication of large-area 
OLED. 
   For the realization of large-area OLEDs, it is 
necessary to reduce the electrical resistance of a 
transparent conducting oxide which is indium tin 
oxide (ITO). Low electrical resistance of ITO ensures 
the uniform luminance from large-area OLEDs. A 
common practice to achieve the resistance reduction is 
to form metal bus electrode with ITO as an auxiliary 
electrode [7], even though it sacrifices a certain 
emission area due to the opaque bus electrode. In this 
study, instead of the bus electrode, an array of OLEDs 
which are independently addressable is fabricated to 
circumvent the resistance problem of ITO. By doing 
so, we can control the emission area of a large-area 
OLED. 
   When dealing with large-area OLEDs, it is very 
important to prepare cathode structure for ensuring the 
uniform and efficient injection of electrons. In order to 
achieve the uniform injection of electrons into large-
area OLEDs, the conventional cathode structure has 
been either to use a low work function metal such as 
Ca/Ag or to use LiF(lithium fluoride)/Al. In case of 
preparing LiF/Al cathode structure, it is crucial to 
control the uniformity of nanometer-thin LiF 
thickness in large area. Otherwise, the electron 
injection through cathode is not uniform to cause non-
uniform luminance from the surface of large-area 
OLED. In order to simplify the fabrication of cathode, 
we have utilized an organic salt in the emission layer 
in this study. By adding an organic salt into the 
emission layer and an appropriate activation of the salt, 
enhanced electron injection is known to occur at 
cathode even without the electron injection layer. So, 
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the doping of organic salt can simplify the fabrication 
of large-area OLEDs. In this study, we have utilized 
an organic salt of Bu3NBF4 (tetra-n-butylammonium 
tetrafluoroborate) in the large-area OLED. 

In this study, we report the fabrication of 
independently addressable large-area OLEDs for 
lighting applications. The fabrication processes 
include large-area screen printing of polymers, 
organic salt-doped OLED, and electrical connection of 
large-area OLED array for independent addressing. 
 
 

2. Experimental  
 

Large-area OLED array was fabricated on an active 
area of 10cm x 10cm with ITO-coated glass substrate. 
First, ITO substrates were cleaned and etched with 
predesigned patterns using conventional 
photolithographic processes. The etched ITO pattern 
is shown in Fig. 1 (a). Each emission area was defined 
with 1cm x 1cm rectangle and a small area in each 
emission area was prepared for anode connections. 
The patterned ITO substrate was treated with oxygen 
plasma at 200W for 20 seconds to improve their 
wettability. On top of patterned ITO substrate, 
PEDOT:PSS (poly(3,4-ethylenedioxythiophene) 
doped with poly(styrene sulfonate); Baytron P, AI 
4083) was screen-printed using a commercial screen 
printer with two vision cameras for alignment. The 
printed PEDOT:PSS area fitted to the emission area of 
1cm x 1cm rectangle. After the printing of 
PEDOT:PSS the layer was annealed at 110oC for 5 
minutes. 
   The OLED structure we have fabricated in this 
study was ITO/PEDOT/emissive layer/Al. For the 
single emissive layer, we used an organic mixture of 
poly(N-vinyl carbazole) (PVK; Mw = 1,100,000; TCI) 
as a host polymer, N,N’-diphenyl-N,N’-bis(3-
methylphenyl)-[1,1-biphenyl]-4,4’-diamine (TPD, 
Aldrich) as a hole transporting moiety, 2-(4-
biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole 
(PBD, American Dye Source) as an electron 
transporting moiety, and a phosphorescent green 
emitter fac-tris(2-phenylpyridine)iridium (Ir(ppy)3, 
Gracel) with an appropriate composition which is 
PVK:PBD:TPD:Ir(ppy)3 = 0.61:0.24:0.09:0.06. The 
mixture of the active organics was dissolved in a 
solvent of chlorobenzene. Besides the organics, an 
appropriate amount (0.0125 wt.%) of tetra-n-
butylammonium tetrafluoroborate (Bu4NBF4, Aldrich) 
organic salt was added in the solution mixture for the 
emissive layer. The solution mixture for the emissive 
layer was screen-printed to fit in 1cm x 1cm 

rectanglar PEDOT:PSS surface. The printed emissive 
layer was then annealed at 80oC for 30 minutes. For 
the screen printing of PEDOT:PSS and emissive 
layers, we used a 400 mesh screen made of stainless 
steel. Finally, the patterned Al cathode layer (120 nm) 
was formed on top of the devices via thermal 
deposition at a pressure of 5×10-7 torr, as shown in Fig. 
1 (c). After the devices were fabricated, they were 
treated thermally and electrically for the activation of 
organic salt. For the activation, the devices were 
brought on the surface of hot plate maintained at an 
elevated temperature of 65oC, and then a preset 
voltage was applied to the devices for a period of time. 

All electrical measurements were performed under 
ambient condition. The current-voltage-luminance (I-
V-L) characteristics were measured using a source 
measure unit (Keithley 2400) and using a luminance 
meter (Minolta CS100). The electroluminescence 
(EL) spectra and device efficiencies of the devices 
were recorded by using Minolta CS1000. 
 

 
3. Results and discussion 

 
We have shown the fabrication process of large-

area OLED lighting in Fig. 1. The etched ITO pattern 
is shown in Fig. 1 (a). Each emission area was defined 
with 1cm x 1cm rectangle and a small area in each 
emission area was prepared for anode connections. 
Subsequently, PEDOT:PSS layer was screen-printed 
in the emissive area of 1cm x 1cm rectangle. On top 
of the layer, a single emissive polymer layer doped 
with an organic salt was screen-printed in the same 
area, as shown in Fig. 1 (b). Finally, Al cathode layer 
was formed by vacuum evaporation in the area 
defined as shown in Fig. 1 (c). The fabricated OLED 
lighting panel was then connected with a PCB (printed 
circuit board) for the electrical connection. Each cell 
can be operated individually. 
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Fig. 1. Fabrication process for large-area OLED 
lighting : (a) ITO pattern; (b) PEDOT:PSS 
and emissive layer pattern; (c) Al cathode 
pattern. 

 
 

For the preparation of PCB, we have utilized 
universal PCB of which via-holes are equipped with 
jig pins to connect the electrical leads in OLED panel 
as shown in Fig. 2 (a) and (b). Before the connection 
of OLED panel and PCB, the panel was subject to be 
annealed both thermally and electrically to activate 
the organic salt doped in the emissive layer. In order 
for this connection to be intimate, OLED panel and 
PCB were put in a jig of which front and back panels 
were tightened together. We have shown a picture 
showing the emission from the large-area OLED panel 
in Fig. 2 (c). 

In the presentation, we will discuss more in detail 
on the fabrication issues of large-area OLED for 
lighting applications. 
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Fig. 2. Photographs of large-area OLED lighting : 
(a) the connection of OLED panel and 
PCB; (b) an enlarged photograph of 4 cells; 
(b) large-area OLED lighting in operation. 
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4. Summary 

 
We fabricated a large-area OLED lighting panel 

using screen-printing method. In order to operate the 
panel, the panel was connected with a PCB equipped 
with jig pins. By this way, each cell in the panel could 
be operated individually in order to circumvent the 
uniformity problem for large-area OLED lightings.  

 
 

Acknowledgement 
 

This work was supported by a grant from Gyeonggi 
Province through the GRRC (Gyeonggi Regional 
Research Center) program in Sungkyunkwan 
University. 

 
5. References 

 
1. C. W. Tang and S,A. Van Slyke, Appl. Phys, Lett. 

51, p.913 (1987). 
2. T.-Y. Chu, S.-Y. Chen, J.-F. Chen and C. H. Chen, 

Jpn. J. Appl. Phys. 45, p.4948 (2006). 
3. S. Chen, R. Song, J. Wang, Z. Zhao, Z. Jie, Y. Zhao, 

B. Quan, W. Huang and S. Liu, J. Lumin. 128, 
p.1143 (2008). 

4. P. Kopola, M. Tuomiskoski, R. Suhonen and A. 
Maaninen, Thin Solid Films 517, p.5757 (2009). 

5. S. K. Hau, H.-L. Yip, K. Leong and A. K.-Y. Jen, 
Organic Electronics 10 , p.719 (2009). 

6. C. Girotto, B. P. Rand, S. Steudel, J. Genoe and P. 
Heremans, Organic Electronics 10, p.735 (2009). 

7. J. P. Boeuf, J. Phys. D: Appl. Phys. 36, p.R53 
(2003). 

 
 




