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A laser-driven diffuser based on mismatched refractive indix*

Zhang Jie! Zhang Lei' Tang Qiheng! Guo Wenjing!
(1. Institute of Wood Industry, China Academy of Forestry, Beijing, 100089 )

Abstract: [Objective] Laser-diode-based solid-state lighting is primarily used in state-of-the-art illumination
systems with high power density, high brightness, small dimensions and low energy consumption. However, these
systems rely on light-converting inorganic phosphors, which have complex manufacturing conditions and
unsustainability. Moreover, integrated lighting systems still suffer from low light quantum conversion efficiencies
in which they exhibit low quantum efficiency at high injection current densities. This limits their applications in
high-brightness areas such as car headlights, projection displays, and floodlight projectors. [Method] In order to
solve the problem of low quantum efficiency, complex manufacturing, and unsustainability of diffusers for solid-
state lighting, a mismatched refractive index strategy is proposed to directly convert natural wood into laser-driven
wood diffusers by a simple delignification and polymer (poly(ethylene glycol) diacrylate) impregnation method.

[ Result] Six wood diffusers were successfully prepared from natural wood with different densities, including balsa
wood, paulownia wood, China fir wood, and poplar, by a mismatched refractive index strategy. The optical
performance of the laser-driven wood diffuser is optimized by changing the density of natural wood, which helped
adjust the light diffusion characteristics. The optimal 0.12 g-cm™ Laser-driven wood diffuser obtained almost
homogeneous and isotropic light illumination. The optimal coefficient of illuminance variation of the wood diffuser
is as low as 17.7%, which is significantly lower than that of commercial diffusers. The illuminance uniformity is
larger than 0.9, which is significantly higher than the ISO requirements for indoor workplace lighting. The laser
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damage threshold is 7.9 J-cm™2, which is considerably higher than those of the substrates of commercially available

phosphors. Furthermore, the optimized wood diffuser exhibits outstanding mechanical properties, excellent thermal

stability, tolerance to harsh environmental conditions, and low speckle contrast. [ Conclusion] These results show

that the laser-driven wood diffuser is a promising laser-color converter that is suitable for indoor, long-distance

outdoor, undersea, and other high-luminance laser lighting applications.
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