
 

Light-Emitting Diodes for Night-Vision
Displays
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More and more, conventional inorganic semiconductor electronics are
being complemented with organic components. For example, flexible
displays, large illuminated displays, or flat-panel displays can be made
from organic light-emitting diodes (OLEDs).

Whereas research into OLEDs has thus far focused almost exclusively
on those that emit light in the visible part of the spectrum, American
researchers led by Mark E. Thompson have worked on OLEDs that emit
infrared light. Such diodes are needed for displays meant to be viewed
through night-vision devices.

The research team from the University of Southern California, Princeton
University, and the University of Michigan, as well as the Universal
Display Corporation divulged the secret behind their success in the
journal Angewandte Chemie: a phosphorescent platinum porphyrin
complex used as a doping agent.

An OLED is a thin, glowing component made of organic,
semiconducting materials whose structure resembles that of an inorganic
light-emitting diode (LED). Between two electrodes, as well as
additional layers, is a dye-containing emission layer. When a voltage is
applied, the cathode pumps electrons into the emission layer while the
anode pumps in electron “holes”. This puts the dye into an excited state.
When the dye molecules return to their ground state, energy is released
in the form of light.
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Previously, the emission layers in OLEDs were doped with fluorescent
dyes. Phosphorescent dopants are expected to result in significantly
more efficient OLEDs. Phosphorescent dyes emit light for a longer
period of time, because they are “trapped” in their excited state and
cannot return to their ground state as easily.

The color of the light emitted depends on the difference in energy
between the two energy levels. This in turn depends on the precise
structure of the dye molecule. Thompson and his team chose to use a
platinum porphyrin complex as their phosphorescent doping agent.
Porphyrins can be found in such substances as hemoglobin and
chlorophyll.

The framework of a porphyrin complex consists of four nitrogen-
containing five-membered rings that are connected into one large cyclic
structure. The metal atom—in this case a platinum atom—sits in the
center of this ring. The researchers tweaked the other details of the
molecular structure so that their saddle-shaped porphyrin emits light in
the infrared region of the spectrum; and very efficiently too, when it is
included in the emission layer of an OLED.
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