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Abstract Micro-light-emitting diode (Micro-LLED) has attracted widespread attention in academia and the display industry due
to its outstanding performance characteristics, such as high contrast, fast response time, and low power consumption. Angular
color shift, which refers to the color differences presented by display devices from different viewing angles, can alter the color
gamut and contrast of Micro-LLED displays, thereby affecting the user’s visual experience. This article aims to analyze the causes
and main influencing factors of the angular color shift phenomenon, and comprehensively review the current solutions for
alleviating angular color shift, including optimizing device structural parameters, adding black matrix structure, designing
reflective structure, and using optical thin film structure. Based on various solutions to alleviate angular color shift, this article
looks forward to possible research directions. Further optimization design of black matrix and reflective structure, as well as
exploration of optical thin film structure with superior performance, may have higher efficiency and potential in suppressing the
angular color shift phenomenon of Micro-LLED, and may be a more worthwhile direction for further research.
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Fig. 5 Ag reflective layer structure with patterned conical structure™. (a) Structure of blue Micro-LED; (b) variation in angular

distribution of luminescence intensity and light extraction efficiency of blue Micro-LED with cone height; (c) angular distribution

and parameters of the luminescence intensity of red, green, and blue Micro-LEDs that comply with Lambert’s cosine law;

(d) angular color shifts of 10 reference colors in the RGB Micro-LLED display system when viewing angle is 10°~90°; (e) angular

color shift values of 7 corresponding colors when viewing angle is 10°-90°
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Table 1 Comparison of methods to alleviate angular color shift

Device type Method Result Ref.
. Combination of inclined structure and black ) L )
Micro-LED . Average color shift at 80° viewing angle 1s 0.005 [26]
matrix structure
. Use different sizes of red, green, At viewing angle of 0°-80°, the color shift decreases
Micro-LED ) [39]
and blue Micro-LED from 0.0201 to 0.0030
. ) Compared to no substrate structure, the angular color
Micro-LED Add sapphire substrate ) [40]
shift has been reduced by ~73%
Micro-LED  Patterned conical Ag reflective layer structure Color shift at 10°-90° viewing angle is less than 0.02 [42]
. o Compared to red Micro-LED without DBR structure,
Micro-LED Optimize DBR structural parameters o [45]
color shift is reduced by 42 %
Micro-OLED  Optimize the structural parameters of color filter Color shift at a 30° viewing angle is less than 0.02 [49]

. Blue light wavelength optimization
Micro-LED ) .
and color filter comparison

Micro-LED Use RCPEF

Using longer wavelength blue light can alleviate color shift [50]

Red/Green light is purer and alleviates the corresponding color shift [ 51 ]
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