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Development of Phosphorescent Polymers for
Organic EL Displays
-Toward emissive flexible displays-

Our goal is the development of a flexible emissive
display that can be easily carried. Our research
has focused on polymer-based

electroluminescent (polymer EL) devices. Polymer EL
devices take advantage of the great mechanical
flexibility of polymers. Furthermore, the simplicity of
their fabrication process, for which printing and ink-jet
methods are examples, is potentially ideal for large,
high-definition displays. However, the light-emission
efficiency of polymer EL devices is low in comparison
with that of small-molecule EL devices currently under
development. The polymer EL devices work by
injecting charge to generate two excited states (singlet
and triplet) in the polymers, and the generation ratio of
singlet and triplet states is 1:3. In conventional
polymers, only the singlet states directly contribute to
the light-emission (fluorescence). Therefore,
conventional polymers are unlikely to achieve high
emission efficiency.

We have developed novel polymers (phosphorescent
polymer) in which the triplet states contribute to light
emission (phosphorescence). The basic polymer
structure consists of a carrier transporting unit and a
phosphorescent unit containing a metal complex
(Figure 1). Concentration of the phosphorescent unit in
the polymer chain is optimized to achieve the highest
possible efficiency. In the polymers, both the singlet and
the triplet states are expected to contributed to light
emission so that the maximum efficiency would be four
times that of conventional polymer. Furthermore, red,
green and blue (RGB) emissions can be simply realized
by changing the phosphorescent unit.

The devices using the phospherescent polymers for
the emitting layer (Figure 1) were fabricated by using
the spin-coating method. The emission efficiencies of
the three devices (RGB) are shown in Figure 2. High
external quantum efficiencies were achieved as
expected (Figure 3).  

Characteristics
1. RGB emissions with a high external quantum efficiency are

possible, and the efficiencies for G and R exceed 5%, which
is the theoretical limit of fluorescence.

2. The phosphorescent polymers can be processed by printing
or ink-jet methods, because the materials are soluble in
organic solvents. This would lower the cost of production of
large, high-definition displays.

3. The phosphorescent polymers are suitable for flexible
displays because of their mechanical flexibility.

Along with efforts to improve the color purity of the
blue emission, we are trying to increase the emission
efficiency to the upper limit of external quantum
efficiency, 20%. Fabrication of a full color display  is also
scheduled. 

This research is being done in cooperation with
Showa Denko K.K.

Figure 1: Schematic structure of phosphorescent polymer and polymer EL device

Shizuo TOKITO,
Senior Research Engineer,
Display and Optical Devices

Figure 3: RGB emissions of polymer EL devices
using three phosphorescent polymers
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Figure 2: External quantum efficiencies for blue, green and red.  The highest
efficiencies reported for conventional polymers are shown using the colorless bars
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