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Abstract 

MOCVD Growth Methods to Achieve High-Efficiency Long-Wavelength microLEDs 

Extending to Red Emission 

by 

Ryan C. White 

Despite the high efficiency and long development time of blue-emitting gallium nitride 

(GaN)-based $\mu$LEDs using metal-organic chemical vapor deposition (MOCVD) growth 

methods, high-performance devices emitting at the longer visible wavelengths have seen 

comparatively far less research and investment. Difficulties surrounding the growth of high-

In layers by MOCVD makes device improvement increasingly difficult as the wavelength 

increases, requiring higher In content active regions, causing structural degradation and poor 

electrical performance. In this work, first higher power and efficiency of green-emitting LEDs 

is achieved through MOCVD design along with advanced characterization and device physics. 

Experimental results, modelling, and advanced design are employed in tandem to achieve 

higher power and lower operating forward voltage. The knowledge generated and advances 

made in the green LED design are then leveraged into realization of red-emitting InGaN/GaN 

$\mu$LEDs. Few examples of InGaN/GaN devices emitting in the red spectral regime 

currently exist with only a few realized proof of concept devices. Here, by employing semi-

relaxed InGaN substrates, true red $\mu$LEDs using an InGaN growth structure can be 

achieved. Initially, a method to significantly improve material quality from the starting 

substrate is established, fully eliminating large-scale extended defects known as V-defects 

initially present in the substrate. On this newly improved material, red-emitting $\mu$LED 

devices with appreciable external quantum efficiency (EQE) can then be realized. Growth 
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conditions in the active region and p-type regions are both thoroughly explored in order to 

increase light output power of the device and in turn improve EQE. These developments then 

finally result in realization of a red-emitting device nearing 1% peak EQE. 
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Preface 

III-Nitride LEDs have a rich history, beginning with their discovery almost thirty years ago 

and leading to a lighting and energy electronics revolution. Since their initial conception, 

development of blue InGaN/GaN LEDs has led to a wide array of technologies, as well as 

efficiencies approaching their physical limits. However, green-emitting microLED 

development has lagged behind their blue counterparts, with red-emitting microLED 

development all but nonexistent outside a few research groups. While other material system 

solutions exist for long-wavelength emission, the ability to cover the entire visible spectrum 

using one material can simplify production and device integration into later products. 

Especially relevant for RGB applications, efficient long-wavelength emitting LEDs in the 

green emission region and beyond are in high demand and have seen limited development. 

Notably, red-emitting III-nitride LEDs have been especially difficult to achieve with 

appreciable emission, stalling progress toward an RGB system covered by one material 

system. Here, we hope to change that. 
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