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Abstract

Quantum dots are semiconductor nanocrystals that have garnered significant attention due to their
tunable emission wavelengths, high color purity, wide color gamut, long lifetimes, and solution-pro-
cessable fabrication. Quantum dot light-emitting diodes (QLEDs), renowned for their superior lumi-
nescent properties and high energy conversion efficiency, are emerging as potential candidates for
next-generation flat-panel displays, lighting, and wearable devices. Top-emission is a type of light-emit-
ting diode structure where the direction of the light emission corresponds to the direction of the final
deposited electrode. Unlike bottom-emission, top-emission does not require the light to pass through
the driving thin-film transistors (TFTs), resulting in a higher aperture ratio, making it a viable op-
tion for OLED/QLED displays. In top-emission QLEDs, light is emitted from the top electrode, making
the improvement of the top electrode’s light extraction efficiency a critical issue. Typically, a light ex-
traction layer (EXL) is applied over the top electrode to enhance light extraction by adjusting the
refractive index difference between the functional layer and the light extraction layer. Additionally,
a scattering layer (SCL) is used to mitigate the uneven light emission angle caused by the microcav-
ity effect. However, adjusting the functional layer thickness to match the refractive index of the light
extraction layer can disrupt the device’s charge balance. Furthermore, the current preparation pro-
cess for scattering layers involves complex techniques like photolithography and etching, which can
damage the functional layers of the device. In this context, the present study investigates the selection
criteria for light extraction materials. By employing light extraction materials that match the refrac-
tive index of the quantum dot emission layer and optimizing the thickness of the light extraction layer,
the device’s current efficiency is enhanced. Additionally, the introduction of optical nanomaterials
via spin-coating applies scattering to the emitted light. Comparative analysis reveals that nano-
materials with greater roughness significantly suppress the uneven angular distribution of light.
Experimental results demonstrate that the optimized top electrode structure increases the device’s
current efficiency from 14.8 cd/A to 17.9 cd /A, while also achieving a more diffuse light emission
angle.
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Figure 1. Physical photo of the device being lit up
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Figure 2. Schematic diagram of device light loss caused by refractive index difference [4]
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Figure 3. Diagram of refractive index of MoOs, CBP, CBL-145 and red light
quantum dots as a function of wavelength
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Figure 4. (a) Diagram of device light intensity as a function of voltage; (b) Diagram of device current efficiency as a function

of voltage
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Figure 5. (a) Diagram of device light intensity as a function of voltage under different thicknesses of CBP; (b) Diagram of
device current efficiency as a function of voltage under different thicknesses of CBP
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Figure 6. AFM images of (a) CBP, (b) ZnO nanoparticles, and (c) WO3 nanoparticles
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Figure 7. (a) Schematic diagram of the light output of the test box receiving device; (b) Schematic diagram of the light output
of the integrating sphere receiving device
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Figure 8. (a) Diagram of light intensity as a function of voltage of devices with different light scattering layers measured using
a test box; (b) Diagram of current efficiency as a function of voltage of devices with different light scattering layers measured
using a test box
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Figure 9. (a) Diagram of light intensity as a function of voltage of devices with different light scattering layers measured using
integrating sphere; (b) Diagram of current efficiency as a function of voltage of devices with different light scattering layers
measured using integrating sphere
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