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Ultra-thin light emitting diodes

January 8 2018

Figure shows the emission of red light from an electrically excited LED
fabricated with 2D semiconductor materials. (A) The left image illustrates the
device structure consisting of various layered materials. The stack of layers
consist of few-layer graphene (FLG), hexagonal boron nitride (hBN) and
tungsten disulfide (WS2). (B) The right image shows a microscope image taken
in the dark while a voltage is applied to the device. Credit: National University
of Singapore

National University of Singapore scientists have developed energy
efficient ultra-thin light-emitting diodes (LEDs) for next generation
communication technologies.

Light sources that reliably convert electrical to optical signals are of
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fundamental importance to information processing technologies. Energy
efficient and high speed LEDs that can be integrated onto a microchip
and transmit information are one of the key elements in enabling high
volume data communication. Two-dimensional (2-D) semiconductors,
which are graphene-like atomically thin materials, have recently
attracted significant interest due to their inherent size (only a few atoms
thick), well-defined light emission properties, and prospects for on-chip
integration. While several research teams worldwide have succeeded in
fabricating LEDs based on these materials in recent years, realising
efficient light emission has been a key challenge.

A research team led by Prof Goki EDA from the Departments of
Physics and Chemistry, NUS has succeeded in developing highly energy
efficient ultra-thin LEDs that comprise only a few layers of atoms. An
efficient LED device converts most of its electrical power input into
light emission (i.e. with minimal losses due to conversion into other
forms of energy such as heat). Previous studies on LEDs based on 2-D
semiconductors reported that a large amount of electrical current is
needed to trigger light emission. This means that a substantial fraction of
the input electrical power is dissipated as heat instead of generating light.
The team discovered that this energy loss can be significantly reduced by
preventing the leakage of electrical current from the emissive layer to
the metal electrodes. The researchers demonstrated that an insulating
layer of a few nanometers can significantly suppress the loss of input
electrical energy without introducing excessive electrical resistance.
Quite the contrary, by optimising the thickness of the insulating layers,
the team reduced the electrical current needed for triggering light
emission by more than 10,000 times as compared to the state-of-the-art
LEDs based on 2-D semiconductors.

Prof Eda said, "Our devices can operate at extremely low electrical
current because the device design ensures that there is minimal wastage
of electrical power."
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"By optimising the material quality together with device design and
fabrication methods, it becomes possible to have efficient light emission
with precise control at the nanoscale level. This will potentially have
significant impact on the development of future information
technologies," added Prof Eda.

The team is currently investigating the origin of energy loss processes in
detail to further improve the efficiency of their devices.

More information: Shunfeng Wang et al. Efficient Carrier-to-Exciton
Conversion in Field Emission Tunnel Diodes Based on MIS-Type van
der Waals Heterostack, Nano Letters (2017). DOI:
10.1021/acs.nanolett.7b02617
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