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Optical Light Devices for Next-Generation Automotive Headlamp
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Abstract

Increasing the luminance of light source devices is the key to realizing automotive headlamps that guarantee both safety with
longer distance visibility and a smaller/thinner module. In this work, the emission power density is improved to 2.5 W/mm? from 0.6
W/mm? by fabricating an LED (Light Emitting Diode) grown on the non-polar m-plane of a Gallium Nitride (GaN) crystal as opposed
to the conventional c-plane LEDs. We overcame the droop phenomenon of conventional LEDs, and established a method to form a
texture structure suitable for the m-plane giving improved light extraction efficiency. The result was an LED with a die size of 0.45 x
0.45 mm? and with increased optical output power. To realize a smaller emission spot, we developed a high-efficiency blue phosphor
under high light density together with a high power/efficiency Indium-Gallium Nitride (InGaN) blue-violet laser diode. A white light

source module with these elements achieved a high luminance of 200 cd/mm? never reached by conventional sources.
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Fig. 1 Reachable distance of headlamp as a function of luminance
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Fig. 2 Comparison of structure and luminance of white light source
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Fig. 6 Schematic of laser white light source module
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