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BeeOLED OLED Emitter Portfolio 
 

Executive Summary 
 

BeeOLED’s patent filings focus on deep-blue OLED emitters based on 

divalent lanthanide (primarily Eu²⁺) complexes stabilized by specially 

engineered organic ligands. The central innovation lies in macrocyclic 

(“cryptand”) ligand designs that stabilize Eu²⁺ against oxidation, preserve 

narrow-band 5d–4f emission, and enable thermal evaporation processing. 

The portfolio is broad and coherent, spanning compound chemistry, ligand 

architectures, emitter–host mixtures, polymer-bound emitters, and complete 

OLED device structures. It addresses the long-standing industry problem of 

stable, efficient deep-blue OLEDs. Reported results include near-unity 

photoluminescence quantum yield and OLED external quantum efficiency 

(EQE) up to ~17% [2,5]. 

Overall assessment: the portfolio is technically strong, novel, and 

commercially relevant. Its strength lies in covering the full innovation chain 

(molecule → host engineering → device). Risks include the need to 

demonstrate real-world device lifetimes competitive with Ir/Pt phosphorescent 

or TADF systems. 
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Technology Portfolio and Key Innovations 
 

• Lanthanide Emitters: Europium(II) is the primary focus, exploiting 

intrametallic d–f transitions for narrow deep-blue emission and sub-

microsecond lifetimes [3]. This allows harvesting both singlet and triplet 

excitons with potential for 100% internal quantum efficiency. 

• Macrocyclic Ligand Design: BeeOLED patents introduce neutral and 

doubly-anionic cryptands with cavity sizes tuned to Eu²⁺ [6]. Asymmetry 

and heavy counterions (I⁻, Br⁻) reduce dipole moments and enable high 

sublimation yields (up to ~94%) [5]. 

• Device Integration: The filings address emitter–host mixtures to mitigate 

Eu²⁺ oxidation [3,10], polymer-linked emitters for film robustness, and 

sublimation-compatible processing. Final device claims (2025) integrate 

Eu²⁺ emitters into OLED stacks. 

Together, these innovations target both chemical stability and practical 

manufacturability, the two main bottlenecks for blue OLED emitters. 
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Chronological Evolution of BeeOLED’s OLED Technology 

 

• 2020–2022: Proof-of-concept Eu²⁺ cryptates (Li et al. 2020, Nat. 

Commun.) demonstrated deep-blue emission with EQE ~17% [2]. Early 

patents (WO2022/218562A1) introduced doubly-anionic ligands for 

charge-neutral Eu²⁺ complexes [6]. 

• 2022–2023: Focus on volatility and processing. Symmetric cryptates 

had poor sublimation yields due to large dipoles. New designs with 

asymmetric ligands and heavy halides improved sublimability [4,5]. 

• 2023–2024: Expansion to device engineering. Filings introduced 

emitter–host blends to prevent Eu oxidation and explored polymer-

tethered emitters [3,10]. 

• 2025: Latest PCT (WO2025/032014A1) extends to complete OLED 

devices, signaling readiness for industrial integration [3]. 
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Comparison to Existing OLED Emitters 

• Phosphorescent (Ir, Pt): Achieve high efficiency but broad spectra and 

stability issues remain, especially for blue. Eu²⁺ emitters offer narrower 

spectra and very short lifetimes, improving color purity and reducing 

roll-off [1]. 

• TADF Emitters: Can reach >30% EQE but often suffer from longer 

lifetimes and degradation. Eu²⁺ avoids charge-transfer excited states, 

potentially offering superior chemical stability [11]. 

• Lanthanide (Eu³⁺, Ce³⁺): Known emitters but unsuitable for blue due to 

long lifetimes (Eu³⁺) or broad emission (Ce³⁺). Eu²⁺ uniquely combines 

short lifetimes with narrow deep-blue emission [3,9]. 

BeeOLED’s approach thus appears superior in color purity and stability 

potential, though device lifetime validation remains the critical open question. 
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