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A Study on the Stability of TiO, Nanoparticles as an Electron Transport
Layer in Quantum Dot Light-Emitting Diodes

Moonbon Kim and Jiwan Kim™*
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Abstract: We report highly efficient and robust quantum dot light-emitting diodes (QLEDs) with Li-doped
TiO, nanoparticles (NPs) as an electron transport layer (ETL). As core materials, ZnO-based inorganic NPs
can enhance the performance of QLEDs due to their suitable energy level and solution processability.
However, their fast electron mobility and instability in organic solvents are two main obstacles to practical
display applications. The colloidal stability of TiO, NPs in ethanol was confirmed after three day-storage,
while ZnO NPs showed severe agglomeration. Inverted structure QLEDs using 3% Li-doped TiO; NP were
successfully fabricated and their optical/electrical properties were investigated. With 3% Li-doped TiO, NPs,
the charge balance in the emitting layer of the QLEDs was improved, which resulted in a maximum
luminance of 159,840 cd/m? and external quantum efficiency (EQE) of 9.12%. These results were comparable
to the performance of QLEDs with commonly used ZnO NPs. Moreover, the QLEDs with the Li-doped TiO,
NPs showed more stable characteristics than those with ZnO NPs after 7 days in ambient conditions. The
EQE of the QLEDs with Li-doped TiO; NPs was reduced by only 4.9%. These results indicate that Li-doped
TiO; NPs show great promise for use as a solution based inorganic ETL for QLEDs.
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Fig. 1. Change of solutions after (a) 1 hour and (b) 3 days and (c)
optical transmittance from ZnO NPs and TiO, NPs.
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Fig. 2. (a) XRD peaks of TiO, NPs according to Li dopants and (b)
a schematic diagram of QLEDs.
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Fig. 3. Characteristics of (a) luminance-voltage-current density and
(b) current efficiency-voltage-EQE of QLEDs using TiO, NPs and
Li-doped TiO, NPs as ETL.
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Fig. 4. Characteristics of (a) luminance-voltage-current density and
(b) current efficiency-voltage-EQE of QLEDs using Li-doped TiO,
NPs and ZnO NPs as ETL.
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Fig. 5. Changes in EQE of QLEDs using pristine TiO,, Li-doped
TiO, or ZnO NPs as an ETL.
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