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Structure design and application research of visible quantum dot light-

emitting diodes with simultaneous high brightness and efficiency
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Wang Shujie' Du Zuliang' Li Linsong' Zhang Zhenyu®
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for Physical Sciences at Microscale s and Synergetic Innovation Center of Quantum Information and
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Abstract Quantum dot light-emitting diodes (QLEDs) have a long-standing mutex of high brightness and
high efficiency. How to maintain high efficiency and high stability at high brightness is an urgent problem
to be solved and also is a key technical bottleneck restricting the QLLED’s application in the fields of high-
efficient display and lighting. To overcome this challenge, we designed a series of core-shell quantum dots
(CdSe/ZnSe) with Se throughout the core/shell regions, optimized the matching of energy level between
the emitting layer and the transport layer, improved the carrier injection efficiency and balance, and thus
achieved a substantial improvement in the overall performance of the device. The maximum EQEs reached
up to 21. 60%, 22. 90% and 8. 05% for red, green and blue emission QLEDs with corresponding peak
brightness of 356 000 cd/m?, 614 000 cd/m* and 62 600 cd/m”, respectively. For the device stability, the
operation lifetime of red and green QLLEDs reached up to 1. 6 million hours, and lifetime of blue QLEDs also
achieved 7 000 hours. All the performance of those QLEDs indicated that it solved the key problem of
unachievable simultaneous attainment of high brightness and high efficiency QLEDs in the past. Red,
green, and blue QLED devices with simultaneous high brightness and efficiency were achieved successfully
for the first time, and this demonstrated, in principle, the significant potential applications of QLEDs in

fields of display and lighting.

Key words quantum dot light-emitting diodes; core-shell structure; external quantum efficiency; high

brightness and efficiency



