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oReport summary (English)

Principal investigator: RIKEN, Chief Scientist Hideki Hirayama
R & D title: Study of high efficiency deep-UV LEDs that can replace mercury
germicidal lamps

1. Purpose of R & D

Deep-ultraviolet (UV) rays, which have a high bactericidal effect, are expected to be widely used
for direct surface sterilization, water purification, air purification, skin treatment, medical treatment
such as nosocomial infection prevention, and food hygiene control. Since mercury lamps have a
large environmental impact and will be abolished in the future, the use of sterilizing deep-UV LEDs,
which are harmless to the environment, is drawing attention.

The purpose of this research is to dramatically improve the efficiency of AlGaN deep-UV LEDs
and realize "deep-UV LEDs that can replace mercury germicidal lamps". Currently, the efficiency of
deep-UV LED:s is low, far below the efficiency of mercury lamps. The reason is that the UV light is
absorbed inside the device and the light-extraction efficiency (LEE) of the deep-UV LED is very low.
In this research, the LEE is improved by using a transparent contact layer, a reflective electrode, a
reflective photonic crystal, a patterned sapphire substrate (PSS), and a lens. The goal is to finally
realize a deep-UV LED for sterilization with an efficiency exceeding 20%. By improving the
efficiency of deep UV LEDs, it is thought that power consumption loss will be greatly reduced and
that it will contribute significantly to the realization of a low-carbon society.

2. Outline of R & D

(1) Contents: We conducted research aiming at finally achieving an efficiency of about 20% of
AlGaN deep-UV LED by improving the LEE. The LEE is significantly reduced by light absorption
by the p-type GaN contact layer. So, we first introduced a transparent contact layer and a highly
reflective electrode. Since the introduction of the transparent contact layer increases the contact
resistance of the electrode, we also introduced a highly-reflective photonic crystal (HR-PhC) to
improve the LEE. In addition, the improvements of the LEE by the light scattering effects using the
PSS and by bonding the lens were examined. Also, in consideration of practical use, we examined
the increase of the output power of deep-UV LEDs by achieving low resistances of n-, and p-type
electrodes.

(2) Achievements: We analyzed the effect of improving the LEE when we introduce a HR-PhC, a
lens, a PSS, and a highly-reflective package into a deep-UV LED. It was clarified that the LEE was
improved more than 3 times when the HR-PhC was used. We introduced a HR-PhC into an AlGaN
deep ultraviolet LED and demonstrated the effect of improving the LEE. High efficiency operation
with external quantum efficiency (EQE) of about 10% was obtained. Further, the LEE was improved
by using a transparent contact layer, a reflective electrode, a PSS, and a lens-shaped resin mold for
the deep ultraviolet LED. The efficiency was improved by 5 times than before, and we achieved
20.3 % EQE (the record highest value). In addition, we have reduced the contact resistance of
deep-UV LEDs with a transparent contact layer and achieved a wall plug efficiency (WPE) of 10.8%
(the record highest value). We also realized the output of 140 mW in the 275 nm LED.

(3) Future developments: This project has realized a deep-UV LED with an EQE of approximately
20% and WPE of approximately 10%. In the future, it is expected that these efficiencies will be
further improved and that the output power will be increased while maintaining the efficiencies. By
using a HR-PhC, it is possible to expect triple efficiency while maintaining low electrode resistance.
In addition, if a lens and a reflective package are used together, a LEE of about 40% can be expected.
Therefore, in the future, it is expected that power conversion efficiency of about 20% and high
power deep UV LED of watt class will be possible. Currently, the LED fabrication process is in the
process of development, and it is still in a situation where high efficiency and high output are not
compatible. If the fabrication process is advanced in future, it is expected that the output will be
dramatically increased from the current device.



