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The transmitted spectra and refractive index of the polymer layer of LED are presented in Fig. 
S1. Actually, the transmissions of the polymer are keeping above 85% at wavelength from 
400 nm to 800 nm, which is benefit to escaping of photons from the surface of LED. 
Moreover, the high refractive index of the polymer with high density is in favor of the anti-
sulfuration for LED [1]. 

 
Fig. S1. (a) transmitted spectra and (b) refractive index for the polymer layer of LED as a 
function of wavelength of 300-800 nm. 

    The microstructures fabricated by femtosecond laser Gaussian and Bessel beams under 
incident power of 5 mW are exhibited in Fig. S2. The depth of holes formed by Bessel and 
Gaussian beams are 79.6 µm and 52.6 µm, respectively. The deeper microstructures from 
Bessel beams are attributed their larger focal depth after axicon [2]. 

 
Fig. S2. the cross-section of the microstructure fabricated by femtosecond laser (a) Gaussian 
beams and (b) Bessel beams. 

The optical results for Bessel laser beams and Gaussian laser beams are presented in Fig. 
S3. The microstructures with period of 40 µm in hexagonal arrangement are spread on the 
surface of LEDs. Apparently, both the light extraction and the view angle of patterned by 
Bessel beams treating are better than those by Gaussian beams. Consequently, the Bessel 
laser light beams have been employed for surface microstructures fabrication on LED.    



 
Fig. S3. (a) electroluminescence spectrum and (b) angular dependence of light intensity of 
patterned LED with femtosecond laser Gaussian and Bessel beams at injection current of 20 
mA. 
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