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Abstract: Micro-LEDs offers the benefits of high brightness, high response frequency, and low power con-
sumption, making them an attractive candidate for future display technologies and Visible Light Communica-
tion (VLC) systems. Nonetheless, their low External Quantum Efficiency (EQE) currently impedes their
scaled mass production and further applications. In order to break through the bottleneck of low EQE, we

conducted an analysis of Micro-LED external quantum efficiency’s contributing factors. The influencing
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factors for EQE are analyzed. It is concluded that the carrier loss and non-radiative recombination caused by
sidewall defects are the main reasons for the decrease in EQE. In addition, we summarized the impact of
sidewall defects on carrier transport and composites, and we also reviewed the commonly used sidewall treat-
ment technology and repair methods, and pointed out that the existing sidewall treatment methods are helpful
but insufficient for improving EQE, and the mechanism of carrier interaction with sidewall defects is not very
clear. It is suggested to carry out a thorough and systematic study on the types and distribution of sidewall de-
fects, the mechanism of carrier and sidewall defects, and the defect repair mode in the sidewall treatment pro-
cess. Finally, future development trends are projected. This paper offers design ideas and theoretical founda-

tions to enhance the external quantum efficiency and accelerate the process of commercialization and mass

production of Micro-LEDs.

Key words: defects on sidewall; micro-LED; external quantum efficiency; carriers; surface passivation
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Tab.1 Performance comparison of Micro-LED, OLED

and LCD **
Micro-LED OLED LCD
Mechanism Self-emissive  Self-emissive ~ Backlight
Luminous efficacy High Medium Low
Power consumption Low Medium High
Lifetime Long Medium Long
Response time ns us ms
Cost High Medium Low

%%_,%?%W

Kl 1 Micro-LED Z5#47 72 1% (5 F SCHk [1])
Fig. 1 Schematic diagram of Micro-LEDs Structure (adap-
ted from Ref.[1])
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EBL [ Hole injection ]
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CIE Electron transport
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F2 FHTEHAEE TR AR A5H InGaN/GaN FE ik € % 6 — M8 AR 25 181 (2 1 Sk [35])
Fig. 2 Schematic diagram of the InGaN/GaN-based blue light-emitting-diode used for the simulation and the analysis of the

efficiency (adapted from Ref.[35])
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Fig. 3  Cross-sectional scanning electron microscopy (SEM)
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image of ITO layer after exposing to ICP etch
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Fig. 4 Extracted coefficients 4 (a) and C (b) plotted versus LED size?®)
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Fig. 5 Schematic diagrams for (a) LED without sidewall damages and (b) LED with sidewall damages; (c) the current-voltage

characteristics in semi-log scale for LEDs; (d) changes in carrier concentration profiles near the P-region for LED (ad-

apted from Ref. [42])
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