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Scientists develop an electrically driven
organic semiconductor laser

September 27 2023
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Structure of the electrically driven organic semiconductor laser. a, Chemical
structure of TSBF and BBEHP-PPV. b, Cross-section schematic of the
electrically driven laser; yellow arrows indicate laser feedback and output. c,
Schematic top view; gray arrows indicate lateral paths of injected charges. d,
Microscope image of the electrically driven laser. Inset, image of the laser
surface under operation. Scale bars: 1 mm (¢,d). ETL, electron-transport layer;
BPhen, 4,7-diphenyl-1,10-phenanthroline; TPBi, 1,3,5-tris(1-phenyl-1H-
benzimidazol-2-yl)benzene; HBL, hole-blocking layer; EML, emission layer;
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EBL, electron-blocking layer; PCzAc,
9,10-dihydro-9,9-dimethyl-10-(9-phenyl-9H-carbazol-3-yl)-acridine; TCTA,
4,4’ 4”-tris(carbazol-9-yl)triphenylamine; HTL, hole-transport layer;
F¢-TCNNQ, 2,2’-(perfluoronaphthalene-2,6-diylidene)dimalononitrile; TAPC,
1,1-bis(4-(N,N-di(p-tolyl)amino)phenyl)cyclohexane; PVPy, poly(vinyl-
pyrrolidone); HSQ, hydrogen silsesquioxane. Credit: Nature (2023). DOI:
10.1038/s41586-023-06488-5

Scientists at St Andrews are leading a significant breakthrough in a
decades-long challenge to develop compact laser technology.

Lasers are used across the world for a huge range of applications in
communications, medicine, surveying, manufacturing and measurement.
They are used to transmit information across the internet, for medical
treatments, and even in the face scanner on phones. Most of these lasers
are made from rigid, brittle, semiconductor crystals such as gallium
arsenide.

Organic semiconductors are a newer class of electronic material.
Flexible, based on carbon and emitting visible light, they enable the
simple fabrication of electronic devices. They are now widely used for
the OLED (organic light-emitting diode) screens found in most mobile
phones.

A limitation of organic semiconductor lasers is that they typically need
another laser to power them. Researchers have been working to
overcome this limitation for 30 years, so it is particularly significant that
scientists at the University of St Andrews have recently developed an
electrically driven organic semiconductor laser.

The team made this breakthrough, reported in the journal Nature, by
first making an OLED with world-record light output and then carefully
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combining it with a polymer laser structure. This new type of laser emits
a green laser beam consisting of short light pulses.

For now, this is mainly a scientific breakthrough, but with future
development the laser could potentially be integrated with OLED
displays and allow communication between them, or be used for
spectroscopy for the detection of disease and environmental pollutants.

Prof Ifor Samuel commented, "Making an electrically driven laser from
organic materials has been a huge challenge for researchers across the
world. Now, after many years of hard work, we are delighted to have
made this new type of laser."

Prof Graham Turnbull added, "We expect this new laser to use less
energy in its manufacture, and in the future will generate laser light
across the visible spectrum."

More information: Ifor Samuel, Electrically driven organic laser using
integrated OLED pumping, Nature (2023). DOI:
10.1038/s41586-023-06488-5.
www.nature.com/articles/s41586-023-06488-5
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