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High-reflection Al-plated DPC ceramic substrate for
AlGaN-based DUV LED packaging

YANG Yu-ming"?, LI Yan'?, ZHENG Huai-wen', YU Fei', YANG Hua'*" ,
Y1 Xiao-yan'?, WANG Jun-xi"** , LI Jin-min'*?

(1. Research and Development Center for Semiconductor Lighting ,
Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China ;
2. College of Materials Science and Optoelectronics Technology ,
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Ni/Au coating films plated on traditional direct plated copper (DPC) ceramic substrates will
strongly absorb ultraviolet (UV) light. To enhance light extraction efficiency (LEE) of deep ultravio-
let light emitting diodes (DUV LEDs), a DPC ceramic substrate plated with two metal coating films
was designed and prepared. A Ni/Au film covering the pad of the DPC ceramic substrate can provide

electrical interconnection for LEDs, and a high-reflection Al film partly covering the Ni/Au film can
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provide superior reflection for UV light. Optical, electrical and thermal properties of the DUV LED

packaged by the Al-plated DPC ceramic substrate and traditional DPC ceramic substrate with only one

Ni/Au coating film were measured, and models of the packaged LED were established and analyzed.

As a result, by using the Al-plated DPC ceramic substrate, the light output power (LLOP) of the DUV

LED is enhanced by 19.2% , while the wall plug efficiency (WPE) and the external quantum efficiency

(EQE) are enhanced by 1.20 and 1.19 times, respectively. Furthermore, after aging tests for 160 h,
LEDs packaged by Al-plated DPC ceramic substrates showed better reliability. This Al-plated DPC ce-
ramic substrate provides a feasible way to improve the LEE of DUV LEDs by packaging.

Key words: DUV LED packaging; DPC ceramic substrate; optical property; thermal resistance
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Fig.1 (a) Top view of the Al-plated DPC ceramic
substrate; (b) Traditional DPC ceramic sub-
strate; (¢) Al-plated DPC ceramic substrate;
(d) LED was soldered on the substrate; (e)
Dam was pasted on the substrate; (f) Quartz

glass was pasted on the dam.
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Fig. 2 LEDs soldered on (a) traditional DPC

ceramic substrate and (b) Al-plated DPC

ceramic substrate
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Fig. 6 Several typical optical paths of LEDs
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Fig.7 Simulation results of optical ray-tracing. (a)
Light path diagram of traditional DPC
ceramic substrate package LED; (b) Light
path diagram of Al-plated DPC ceramic sub-
strate package LED; (¢) Light distribution of
traditional DPC ceramic substrate package
LED; (d) Light distribution of Al-plated
DPC ceramic substrate package LED.
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Fig.8 Thermal model and main heat transfer path of

{lip-chip LED packaged by DPC ceramic sub-

strate.
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