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This graph shows the improved conversion efficiency of QLEDs (IPE%) when
compared to traditional LEDs (QW-LEDs). QLEDs can achieve a power
conversion efficiency around 90%. Credit: Nano Research, Tsinghua University
Press
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LED lights have become ubiquitous lighting solutions for homes and
businesses, but when it comes to large, high-resolution displays,
traditional LEDs have documented disadvantages. LED displays use a
high voltage and a factor called the internal power conversion efficiency
is low, which means the energy costs to run the displays are high, the
displays do not last as long, and they can run too hot.

In a paper published in Nano Research, researchers outline how a
technological advance called quantum dots could be the solution to some
of these challenges. Quantum dots are tiny, man-made crystals that act as
semiconductors. Because of their size, they have unique properties that
can make them useful in display technology.

"Traditional LEDs have been successful in fields like display, lighting,
and optical communications. However, the technique used to acquire
high-quality semiconductor material and devices is highly energy- and
cost-consumptive," said assistant professor Xing Lin of the College of
Information Science & Electronic Engineering at Zhejiang University.
"Colloidal quantum dot provides a cost-effective way to construct high-
performance LEDs using inexpensive solution processing techniques and
chemical grade materials. Furthermore, as inorganic material, colloidal
quantum dot surpasses emissive organic semiconductors in long-term
operation stability."

All LED displays are made up of multiple layers. One of the most
important layers is the emissive layer, where the electric energy becomes
colorful light. Researchers used a single layer of quantum dots for the
emissive layer. Typically, the colloidal quantum dot emissive layer is a
source of voltage loss since the conductivity of colloidal quantum dot
solid is poor. By using mono-layer quantum dots as emissive layer,
researchers theorize that they can reduce the voltage to the largest extend
to power these displays.
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Another feature of quantum dots that make them ideal for use in LEDs
is that they can be made without any defects that would affect their
efficiency. Quantum dots can be engineered without impurities and
surface defects. "Quantum dot LEDs (QLEDs) can achieve near unity
internal power conversion efficiency at current densities suitable for
display and lighting applications. Traditional LEDs, based on epitaxially-
grown semiconductors, exhibit serious efficiency roll-off in the same
current density range. This difference originates from the defect-free
nature of high-quality quantum dots," said Lin.

The comparably low cost of producing emissive layers with quantum
dots and the ability to improve the light extraction efficiency of QLEDs
using optical engineering techniques, researchers suspect that QLEDs
can be an efficient improvement over traditional LEDs for lighting,
displays, and beyond. But there is still more research to be done and
QLEDs, as they are now, have disadvantages that need to be overcome
before they can be adopted widely.

"Our work demonstrates that thermal energy can be extracted to boost
the electrical-to-optical power conversion efficiency," said Lin.
"However, the device performance at present stage is far from ideal in
the sense of relatively high operating voltage and low current densities.
These weaknesses can be overcome by seeking better charge transport
material and engineering the interface between charge transport and
quantum dot layers. The ultimate goal—achieving electroluminescence
cooling devices—should be possible based on QLEDs."

  More information: Xing Lin et al, Highly-efficient thermoelectric-
driven light-emitting diodes based on colloidal quantum dots, Nano
Research (2022). DOI: 10.1007/s12274-022-4942-x
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