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Abstract 
   Ink-jet printed (IJP) self-aligned (SA) organic light 
emitting diodes (OLEDs) and its application to light 
emitting seal have investigated. Ink-jet printing of light 
emitting material is carried out onto transparent anode 
covered with insulating material.  Laminated light 
emitting seal with SA IJP OLED without photo - 
lithographic process and any vacuum process, non-
contact type electromagnetic power supply without 
electric power supply line, and  light emitting tag with 
network type RF communication terminal by controlling 
display information were demonstrated. 

 
 

1. Introduction 
 

Organic light emitting diodes (OLEDs)1) with merits of 
easiness of large area fabrication, ultra-thin, ultra-light 
weight, and flexible secure a market with a focus on for 
portable display. By assuming an application to the light 
emitting poster, simple patterning and fabrication process 
are desired. First, in the present active-matrix OLED 
fabrication using ink-jet printing (IJP) method,2-5) 
photolithographic process for a bank formation is necessary. 
Second, even in the ink-jet printed OLED, a cathode 
electrode has to be evaporated in order to obtain a better 
carrier injection. If we can solve these issues, fabrication 
process of the OLED can be simplified and its total process 
cost will be dramatically decreased. 
   In this paper, first, we have investigated multicolor self-
alignment (SA) OLED6,7) using small molecular 
electrophosporescent material, where, a insulating material 
is dissolved in to a solvent, and a mixture of emission 
materials is formed at the same position as that of the ink-
jet-printed region. Second, a light emitting seal (LES) using 
self-aligned organic light emitting diode and laminate 

process8-10) has proposed and demonstrated, where, a 
cathode electrode is laminated onto above IJP structure. 
Therefore, this device can be fabricated simply without 
photolithographic and any vacuum process. Third, this 
ultra-thin device concept is applied to the light emitting 
graphics with flexible printed non-contact electromagnetic 
electric supply without an electric supply line. Finally, we 
have demonstrated light emitting tag with network type RF 
communication terminal by controlling display information. 

 
2.  Self-alignment and laminate Process for Light 

Emitting Diode 
  

Process steps of the SA device are shown in Fig. 1. An 
insulating film was formed on a transparent electrode-
coated glass substrate. Then, the solution with dissolved 
organic host and emission materials was ink-jet-printed. 
Here, the insulating layer was dissolved in the solvent and 
an emission layer was formed alternately, i . e . , self-
alignment OLED fabrication was carried out. This device 
process was simple that compared to conventional bank-
formation process and miss-alignment was not occurred. 

 Figure 2 shows image of lamination process. Double 
faced film was laminated using laminator apparatus above 
glass transition temperature of organic material and under 
compression condition. One side of the film was covered 
with organic light emitting material on indium-tin-oxide 
(ITO) coated plastic substrate and the other side of film was 
Mg/Ag coated plastic substrate. Using this method, the LES 
was fabricated at atmospheric pressure. 

 
3. Experiment 

 
First, multicolor SA-OLED was fabricated. The device 

structure was IZO/ conducting polymer poly-
(ethylenedioxythiophene)/ poly(styrenesulfonate) (PEDOT, 
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BAYTRON, H.C. Starck)/ insulating material poly 
(methylmetacrylate) (PMMA) <= Ink / bathocuproine 
(BCP) (20 nm)/ LiF (1 nm)/ Al. The ink was composed for 
red (4,4’-bis(9-carbazolyl)-biphenyl (CBP): iridium(III) bis 
(2-(2’-benzothienyl) pyridinato-N,C3’) (acetylacetonate) 
(btp2Ir(acac)) = 120:2), green (N,N'-bis(3-methylphenyl)-
(1,1'-biphenyl)4,4'-diamine (TPD): CBP: fac-tris(2-(p-tolyl) 
-pyridine)iridium (Ir(tpy)3)  = 5: 95: 5) and blue (CBP: 
iridium(III) bis(2-(4,6- difluorophenyl) pyridinato-N,C2’) 
picolinate (FIrpic) = 120: 20). Substrate used was 
polyethirenenaphtalete (PEN). Second, a light emitting seal 
(LES) using self-aligned organic light emitting diode and 
laminate process has demonstrated, as shown in Fig. 3. Our 
LES is realized using SA and laminate process technology 
without photolithographic process and without vacuum. 
Upper and lower figures show overview and cross-sectional 
view of the device. Left part is battery box for power 
supply and electrical emission pattern generation. There are 
two connectors for anode and cathode. Right shows main 
seal part. Anode and cathode are connected to the battery 
box at the same side of the seal. Before starting a device 
process, ITO coated substrate and patterned cathode coated 
substrate are prepared independently. After cutting an ITO 
coated substrate, the substrate was cleaned and the ITO 
layer is patterned. Then, the PEDOT was spin-coated on an 
ITO-coated substrate, which was then baked at 150oC for 
30 min. Next, the insulating material cycloolefin (ZEONOR, 
Nippon Zeon) was spin-coated on the glass substrate, which 
was then baked at 120oC for 30 min. After baking, an 
emission material of polyfluorene-based polymer (PFO) 
was ink-jet printed on the cycloolefin coated substrate using 
IJP apparatus, where, ink-jet head was made of ceramics. 
After finishing IJP process, baking was carried out at 130oC 
for 1 hr. Then, laminate process was carried out under 
higher substrate temperature above glass transition 
temperature of the organic material and under compression 
condition. Where, after finishing the IJP of the emission 
material, higher raised portion of fringe was formed at 
peripheral of the IJ printed dots. During laminate process, 
however, this raised portion was planarized during the 
process. As a result, emission was observed. Cathode under 
study was Mg/Ag. In order to evaluate an effect of substrate, 
glass and film substrates are tested. Third, this ultrathin 
device concept applied to the light emitting graphics with 
the part of LES and flexible printed circuit (FPC) of non-
contact electromagnetic electric supply without electric 
supply line. Input transmitter circuit has a DC-AC converter 
from 15 VDC to 15V0p at the frequency of less than 300 kHz 
and a coil. Output circuit is composed of a coil and a full-
wave rectifier. Both circuits are built on plastic film at the 
thickness of 100 µm. The interconnection line and coils are 
fabricated using screen printing technique with silver nano-
particle ink for reducing the resistance. Other electrical 
components are soldered on the plastic substrate. Finally, 
we have demonstrated light emitting tag with network type 
RF communication terminal (13.56 MHz) by controlling 
display information. 

4. Experimental results 
4-1 Multi-color SA-OLED 

 
Multicolored organic light emitting device was fabricated 

on a plastic substrate. The maximum luminescence of the 
device with red, green, and blue emission materials was 480, 
2,840 and 2,380 cd/m2, respectively. In the red device, the 
luminance is lower than that of green and blue devices. One 
of the reason of difference in luminance is that 
photoluminescence efficiency btp2Ir(acac) and FIrpic are 
around 21 and 55 %, respectively, in which efficiency is 
lower than the green phosphorescent material (Ir(ppy)3) 
[~100 %].11,12) In Addition, it is difficult to obtain high 
luminous efficiency in FIrpic device because of large triplet 
energy of FIrpic in comparison with CBP host.11) To obtain 
a good color balances, control of emission size for 
overlapping the droplet position and introducing the new 
materials are effective. 

Using above fabrication technique, we have 
demonstrated prototype multi-color display panel. The 
substrate size was 100×100 mm2 and the resolution was 150 
ppi. Figure 4 shows an example of pattern emission 
“ptarmigan” of a symbol bird of Toyama prefecture and 
character images. As a result, clear emission pattern was 
achieved. 

 
4-2 Light Emitting Seal 

 
To evaluate an electro-optical performance of the LES, 

static characteristics are measured by comparing the device 
with evaporated cathode as reference. Before discussing 
ink-jet printed LES, LES using overall coating an organic 
material was fabricated. Figure 5 shows emission image of 
the LES 

Next, the ink-jet printed LES was described. From 
luminance characteristics, the laminated IJP LES were 
6,810 cd/m2 at 1,000 mA/cm2. Since the film thickness was 
changed by radius, emission area was also changed. Figure 
6 shows emission condition of the IJP LES varied with 
number of ink-jet printed shots. Before starting laminate 
process of the OLED, the condition was optimized to 
prevent anode crack and to reduce a gap between organic 
layer and cathode. Totally, optimum condition was obtained. 
By increasing a number of ink-jet printed dots from three to 
seven shots, the emission area was gradually decreased 
around 65 µm. For one or two shots, the emission layer was 
not fully connected between anode and cathode.  

Finally, fully ink-jet printed emission pattern was 
demonstrated, as shown in Fig. 7. In the upper figure, an 
emission area was 100 mm2. Key point to obtain the clear 
fully patterned emission was to control the uniformity of 
the insulating thickness by changing the spin-coating 
condition. During optimization, a surface roughness of the 
insulator can be lowered from 160 nm to 30 nm. Lower 
image was overview of the IJP LES. Large area emission 
could be realized. 
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4-3 Light Emitting Graphics 
 

   For light emitting poster for wireless power line, one 
can supply the electric power using printed coil onto plastic 
substrate. In order to demonstrate this situation, the FPC 
connected to the power coil was fabricated for primary 
winding. Figure 8 shows example of voltage vs frequency 
characteristics of the non-contact type electromagnetic 
power supply FPC. Output voltage was increased with 
increase in the frequency. Output voltage was almost 
proportional to the number of the coil. Experimental results 
are well explained by the SPICE simulation. Transmission 
efficiency of this coil was over 80% in the case of dual-dual 
layered coil, at 1 MHz. Figure 9 shows demonstrated 
OLED operation using non-contact type FPC. Size of the 
OLED panel was 50×50 mm2. Clear OLED operation could 
be obtained using this configuration. The OLED and the 
coil can be integrated using the common technique. 
Therefore, basic technology of light emitting graphics could 
be demonstrated at this time.  
 

4-4 Light emitting tag with network type RF 
communication terminal 

 
   To apply the light emitting seal for variable information 
image, e.g., price tag, we have investigated light emitting 
tag with RF terminal as transmitter. Figure 10 shows 
overview of light emitting tag. Data pattern was generated 
using computer. A 315 MHz band communicator with USB 
terminal and receiver were used for data transmission. 
These series of data were converted to transform CPU and 
constant current driver was operated. Light emitting tag 
under study was four digits with seven segments character 
on a plastic substrate. Transformed data was clearly 
displayed on the light emitting tag. This technique will be 
applied for light emitting price tag at supermarket and 
shopping store. 
 

5. Conclusions 
 

   Various kinds of light emitting devices, i.e., ink-jet 
printed multicolor OLED, light emitting seal, light emitting 
graphics, and light emitting tag have developed. These 
devices can be fabricated using ink-jet printing process and 
lamination process. Therefore, photographic process and 
vacuum process are not necessary and low-priced emission 
devices will be achieved. 
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Fig. 1  Process of self-aligned ink-jet-printed OLED. 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 2 Lamination process for OLED fabrication. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Concept of light emitting seal. 
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  Fig. 4 Photograph of multi-colored SA-OLEDs. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  Emission image of light emitting seal. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6  Dependence of luminance and fringe height with 
  varied number of ink-jet printed shots. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7  Magnification image and overview of ink-jet   
  printed LES. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8  Output voltage vs frequency characteristics of  
   non-contact type FPC. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 Demonstration of the OLED operation. Emission 
  size of the OLED was 30×30 mm2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Fig. 10  Overview of light emitting tag. 
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