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Organic light-emitting diodes (OLEDs) technology has been widely used in the display field, but further
improving device performance and reducing costs have always been desired. Thermally activated delayed
fluorescence (TADF)-sensitized fluorescent OLEDs (TSF or Hyperfluorescent) are considered as one of the
most promising solutions for next-generation OLEDs due to their ability to greatly improve device
efficiency and lifetime while maintaining high color purity. Current hyperfluorescent OLEDs typically
feature a three-component emissive layer (EML) (or even four components in the case of exciplex/mixed
matrices: high triplet energy matrix, TADF sensitizer and emitter, which coined as matrix-containing
hyperfluorescence (MCHF). To avoid concentration quenching and ensure effective energy transfer, the
concentration of the sensitizer is usually kept below 50 wt%o, while the concentration of the emitter is around
0.5 wt%o. Compared to the typical binary EML (host—guest system) widely used in the industry, the diverse
composition and extremely low doping concentrations required in MCHF devices lead to high costs and low
reproducibility in device fabrication. Power efficiency is also reduced due to higher turn-on and driving
voltages caused by wide bandgap matrices. Therefore, developing matrix-free hyperfluorescent (MFHF)
devices with a binary EML would significantly enhance the commercial viability of hyperfluorescent
OLEDs.

This thesis comprises six chapters. The thesis consists of six chapters. Chapter 1 introduces the
development history and fundamental principles of OLEDs, as well as the concepts of TADF materials and
MR-TADF materials. It summarizes the advantages and disadvantages of currently used hyperfluorescence
systems and highlights the necessity of developing the MFHF system. Chapter 2 introduces the current
research status and challenges of the MFHF system. It then proposes a novel design strategy for constructing
the MFHEF system by regulating the energy transfer process and subsequently designs and synthesizes new
molecules. Finally, the effectiveness of this design concept is successfully validated through testing the
photophysical properties of doped films. Chapter 3 delves into the electroluminescence (EL) performance of
the MFHF system, which exhibits exceptional efficiency but suffers from poor stability. To address the
stability issue, Chapter 4 introduces a new host material design strategy and reports the synthesis of two
novel host materials. Chapter 5 systematically optimizes the device structure of MFHF OLEDs using these
new host materials. Finally, Chapter 6 provides a comprehensive summary of the findings and implications
of this research
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