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Abstract

Light-emitting diodes (LED) are semiconductor devices that have changed the market scenario in display technol-
ogy and lighting sources within a few decades of their inception. It surpasses the market compared to the existing
technologies, especially LCD and CRT in the display, and incandescent bulbs and CFL tubes in lighting sources, due
to their unique properties of high brightness and contrast ratio, lower driving current, thin and lightweight dis-
play and self-backlighting units. However, there are still issues with the organic light-emitting materials, such as
wide spectral width (lower high color purity) and a high cost associated with the complex organic small molecules
synthesis and required thermal deposition processes.

This dissertation focuses on developing a low-cost, solution-processable, and narrow colour spectrum, all-
inorganic (CsPbBr;) light-emitting material for applying LED devices. Despite such advantages, pinholes, poor
surface coverage, and stability issues limit widespread perovskite light-emitting devices (PeLEDs) applications in
solid-state lighting. We have developed a thin film of perovskite with PEG-PVP polymer to reduce the inherited
pinhole issues of the thin film and compare their performance (control (without polymer) vs. test (with polymer).
We find that the test PeLED device shows a12.1% reduction in the turn-on voltage (V,,), a 97.21% reduction in
leakage current density, a 200%+ enhancement in maximum brightness, and a 700% increase in power efficiency
compared to a control CsPbBr; device.

Alongside, we have developed a thin film of a high green index hole-injection layer (HIL) material (V,0s) (low
surface roughness: 1:3 nm) as an alternative HIL to the well-established PEDOT: PSS for demonstrating a hybrid
polymer—inorganic PeLED because the PEDOT:PSS has a detrimental effect on the device instability that is further
associated well-established device failure mechanism. Test devices with the new hole injection layer demonstrate
nearly identical maximum current efficiencies (4.23cd/A vs. 4.19¢d/A), and luminous efficacies (2.991m/W vs.
2.321m/W) when compared to a control device fabricated with the conventional hole injection layer. To examine
the transport of holes in the above hole injection layer, we carried out device simulations based on a physical
charge control model, including defect-assisted tunneling for hole injection. Close agreement for current-voltage
characteristics is observed.

Further, we synthesized a novel MFPy-POSS to apply the blue-emission organic LED. The device exhibited a
turn-on voltage (6V) with an excellent blue emission color (437 nm) and CIE coordinates of (0.163,0.134). Further-
more, we have also fabricated the white OLED devices by mixing the blue emitting (truxene) and orange emitter
(DCM), observing the thickness effect on the performance of the OLED devices.

Finally, we developed an inbuilt, cost-effective, portable setup to measure the luminance lifetime of the LED
(standard LT50).

In summary, this dissertation covers the synthesis and characterization of perovskite material (CsPbBr;) and
device fabrication. It also includes the development of an alternative HIL for perovskite LED. Additionally, the
dissertation details the fabrication of blue organic LED using POSS blue emitter and white organic LED employing
truxene-DCM, along with the development of the cost-effective LED lifetime measurement tool.
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