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Abstract  
 AlGaN-based deep-ultraviolet (DUV) laser diodes 

(LDs) are expected to be applied to various applications 

such as sterilization, sensing, and laser processing as 

compact, efficient, and eco-friendly deep-ultraviolet light 

sources. To realize laser diodes operating in the DUV 

wavelength range (200 nm to 280 nm), our research group 

has achieved major breakthroughs such as high-quality 

AlGaN thin film crystals grown on AlN single-crystal 

substrates and p-type conductivity control through 

distributed polarization doping. As a result, pulsed lasing 

at room temperature was demonstrated. Furthermore, 

continuous-wave (CW) lasing has been successfully 

achieved by suppressing dislocation formation through 

stress concentration suppression and further design 

improvements. In this presentation, we will review the 

research results of our group on DUV LD devices and 

describe the key technologies that played an important 

role in these achievements.  

 

INTRODUCTION  

 

 AlGaN-based deep ultraviolet (DUV) laser diodes (LDs) 

are highly anticipated for various advanced technological 
applications, due to their short wavelength and high 

efficiency. Particularly, UV-C light (200–280 nm) is highly 

effective for sterilization due to its strong absorption by DNA, 

which opens up new possibilities in healthcare and 

environmental management. However, the development of 

deep ultraviolet lasers has faced challenges in terms of device 

operation temperatures, lasing characteristics, and the need 

for high-quality materials. 

Our research group has made significant progress toward 

realizing DUV LDs by growing high-quality AlGaN thin 

films on AlN single-crystal substrates and controlling p-type 
conductivity through polarization doping. This breakthrough 

has enabled pulsed lasing at room temperature [1]. We further 

improved the device performance by enhancing optical 

confinement and suppressing defects [2]. Specifically, we 

identified localized residual shear stresses within the epitaxial 

layer as the cause of dislocation formation and introduced a 

novel mesa design to alleviate stress concentration [3]. 

The goal of this research is to overcome the technical 

barriers of DUV LDs and improve their practical performance 

as a reliable light source. Ultimately, this work aims to 
contribute to advancements in sterilization, sensing, material 

processing, and other fields, providing a foundation for future 

technological innovations.  
 
PREPARATION OF FILE EXPERIMENTAL DETAILS 

 

 To fabricate the AlGaN-based DUV laser diodes, high-

quality AlGaN thin films were grown on single-crystal AlN 

substrates using metal-organic chemical vapor deposition 

(MOCVD). The epitaxial structures were carefully optimized 

to achieve low defect densities and high optical quality. P-side 
cladding layers were introduced using polarization doping, 

which contributed to improved carrier confinement and 

device performance. For LD fabrication and defect analysis, 

a mesa structure was formed by ICP etching. X-ray diffraction 

(XRD) and TEM analysis were used for crystal structure 

analysis. In addition, the distribution of residual shear stress 

was investigated by FEM simulation. As a result, LDs with a 

tilted mesa geometry were fabricated to decrease stress 

concentration and improve device performance. 

 The AlGaN-based UV-C laser diode (LD) structures were 

grown epitaxially on 2-inch, single-crystal AlN substrates 
with an (0001) Al-polar surface using metal-organic chemical 

vapor deposition (MOCVD). The layer structure comprised a 

400-nm-thick Si-doped Al0.75Ga0.25N n-type cladding layer, 

a 120-nm-thick undoped Al0.63Ga0.37N waveguide layer 

containing an active region with two 4.5-nm-thick quantum 

wells, a 320-nm-thick p-type distributed polarization-doped 

(p-DPD) cladding layer, and a 50-nm-thick p-contact layer 

featuring an additional Al compositionally graded layer 

capped with Mg-doped GaN. The Al composition x in the 

AlxGa1-xN p-DPD cladding layer was gradually reduced 

from 1.0 to 0.7 along the growth direction without intentional 
impurity doping. The epitaxial layers were confirmed to be 

fully strained to the AlN substrate via (10-15) X-ray 

reciprocal space mapping. 

Following epitaxial growth, the wafer was processed into LD 

chips with a cavity length of 600 µm and a p-electrode width 

of 5 µm. The mesa structure was carefully designed with a 15-

degree slope relative to the (0001) surface 

To enhance optical feedback, both facets of the LDs were 

cleaved and coated with high-reflectivity coatings (>90% 

reflectivity). The processed LD chips were subsequently 
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mounted in a 5.6-mm TO-CAN package, integrating electrical 

connections to both the p-electrode and the n-electrodes on 

either side of the mesa.  

 
RESULTS 

 

 Figure 1 shows a schematic of the fabricated LD chip 
along with a cross-sectional SEM image of the mesa edge. 

The mesa exhibits a tilt angle of approximately 15 degrees 

with a tilt area of around 1 µm. This structural modification 

effectively alleviates stress concentration at the mesa edges, 

thereby suppressing dislocation formation caused by 

localized shear stress. 

The introduction of the sloped-mesa structure played a 

crucial role in improving the device performance. In 

conventional designs, dislocations induced by shear stress 

significantly degrade the active layer near the mesa edge, 

necessitating the placement of the p-electrode further from the 

mesa to minimize these effects. Optimizing the mesa tilt 
enabled the p-electrode to be positioned closer to the mesa 

edge, reducing the current path through the n-cladding layer 

and thereby lowering the series resistance of the device. 

As a result of these improvements, the threshold current 

density was reduced to 4.2 kA/cm², and the threshold voltage 

was lowered to 8.7 V. This optimization successfully enabled 

continuous-wave (CW) lasing under direct current (DC) 

operation. 

 
 
DISCUSSION 

 

The initially observed high threshold current density and 

voltage were attributed to defects induced by residual shear 

stresses during mesa formation. These stresses led to 
dislocation formation, which degraded device performance. 

However, stress analysis and the introduction of a tilted mesa 

structure successfully suppressed dislocation formation by 

alleviating stress concentration at the mesa edge. As a result, 

current flow was improved, leading to a reduction in threshold 

current density and voltage. 

Further optimization is required to enhance efficiency and 

ensure long-term stability. Nevertheless, the reduction in 

threshold values achieved in this study demonstrates the 

feasibility of continuous-wave (CW) lasing at room 

temperature. This work establishes a foundation for the 

further development of AlGaN-based deep-ultraviolet laser 
diodes (DUV LDs), representing a significant step toward 

their practical application in industrial and medical fields. 
 

CONCLUSIONS 

  
 This study presents the successful development of AlGaN-

based deep ultraviolet laser diodes capable of continuous-

wave lasing at room temperature. The optimization of the 

crystal growth process, the introduction of polarization 

doping for carrier confinement, and the reduction of stress 

Fig. 1. Schematic diagram of the device structure with a 

sloped-mesa design for defect reduction and a cross-
sectional SEM image of the fabricated LD. 
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Fig. 2. L-I-V characteristics of the LD under pulsed and 

DC operation at room temperature, and the temperature 

dependence of the threshold current under pulsed 

operation. 
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concentration through the tilted mesa design were crucial in 

achieving reduced threshold current and voltage. The 

realization of CW lasing at room temperature paves the way 

for the practical application of DUV LDs in sterilization, 

sensing, material processing, and other industries. Future 

work will focus on further improving device performance and 

stability to enable the commercialization of these devices for 

practical use. 
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