
Potential of III-Nitride Photonic-Crystal Surface-
Emitting Lasers (PCSELs) for High-Power Visible 

Light Sources

Daniel Feezell
Center for High Technology Materials 

Department of Electrical and Computer Engineering
University of New Mexico

dfeezell@unm.edu

Daniel Feezell 1

mailto:dfeezell@unm.edu


Daniel Feezell 2

III-Nitride Materials and Devices Group at UNM
Group:  1 postdoc, 6 Ph.D. students, 2 M.S. students, 2 undergraduate students

III-Nitride MOCVD

High-Speed LEDs

Diode Lasers

VCSELs
Nanostructures

Power Electronics

Nonpolar/Semipolar GaN

Nanofabrication Device Characterization

Device Design



Daniel Feezell 3

III-Nitride Materials and Devices
• Direct band gaps ranging from 0.7 eV (InN) to 3.4 eV (GaN) to 6.0 eV (AlN)

• High-performance UV, violet, blue, and green emitters

• Energy efficiency – solid-state lighting (LEDs, lasers, SLDs), power electronics

• Defense, security, communication, sensing  – non-lethal optical distractors (dazzlers), LIDAR, 
atomic clocks, ultraviolet and infrared detectors, radiation tolerant devices, chem/bio sensing
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Vertical-Cavity Surface-Emitting Lasers (VCSELs)
• Nonpolar InGaN/GaN

• Nanoporous DBRs

• Violet emission

• High gain

• Polarization pinned

• Grown and fabricated at UNM

S. Mishkat-Ul-Masabih, et al., Appl. Phys. Exp. 12.3, 036504 (2019)
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Nonpolar GaN-Based Violet VCSEL Results

• Output power of ~1.5 mW from m-plane VCSELs

• Differential efficiency of 0.3%

• Threshold current density 20 kA/cm2 and voltage 9.6 V

• All tested devices (>50) polarization-pinned along the a-direction

• Polarization ratio of 0.94 obtained
S. Mishkat-Ul-Masabih, et al., Appl. Phys. Exp. 12.3, 036504 (2019)
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• Individual VCSEL output power maximum ~15 mW

• 16 x 16 VCSEL array output power ~1 W

• Further scale-up requires larger array with more elements

• No phase or polarization control between individual devices in array

• DBR formation is challenging in GaN-based VCSELs

GaN-Based Blue VCSEL Arrays
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M. Kuramoto, Appl. Phys. Express 12, 091004 (2019)
M. Kuramoto, Appl. Sci. 9, 416 (2019)
W. Muranaga, Jpn. J. Appl. Phys. 58, SCCC01 (2019)



• Power scale-up based on increasing active 
region area

• 50 W output power demonstrated from 3 
mm diameter. kW level requires larger 
active area ~cm.

• Mode control using embedded photonic 
crystal (single-mode operation)

• Good beam quality (low divergence)

• High brightness

• Polarization control

• Narrow linewidth (~70 kHz)
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Photonic-Crystal Surface-Emitting Lasers (PCSELs)

Noda, et al., IEEE Spectrum, April 2024.



• 50 W single-mode CW output 
power

• Low beam divergence of 0.05° 
(M2 ≈ 2.36) corresponding to a 
brightness of 1 GW cm−2 sr−1

• 1 cm diameter PCSELs could 
achieve 100s of Watts to ~ kW-
level operation

• Challenges are suppression of 
higher order modes and thermal 
management
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GaAs-Based PCSELs (Kyoto University)

M. Yoshida, et al., Nature 618, 727 (2023)



• Photonic crystal formed by epitaxial regrowth

• Double lattice to break symmetry and reduce destructive interference

• Po =  1 W (pulsed), Jth = 3.0 kA/cm2

• Single-mode emission with divergence 0.15o
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Blue GaN-Based PCSELs (Kyoto University)
300 µm diameter active region

K. Emoto, et al., Communications Materials 3, 72 (2022) 



• Green InGaN materials are less mature than blue

• Photonic crystal etched into the p-GaN and filled with SiO2

• Jth = 3.9 kA/cm2, Po = 50 mW, polarization ratio is 0.8, slope efficiency still low

• Peak wavelength between 505 - 520 nm (tunable with different lattice designs) 

• Optimization of photonic crystal and epitaxial structure needed
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Green GaN-Based PCSELs (Kyoto University)

300 µm diameter active region

N. Taguchi, et al., APEX 17, 012002 (2024)  



Summary

• III-nitride materials for UV, violet, blue, and green diode lasers

• PCSELs are potential candidates for power scale-up in III-nitride lasers

• 50 W IR PCSELs have been demonstrated (Noda et al.) using GaAs (kW level possible)

• Blue (1 W) and green (50 mW) PCSELs have been demonstrated (Noda et al.)

• UNM will develop nonpolar III-nitride PCSELs for higher power in blue and green

• Higher gain compared to polar c-plane

• Polarization pinning for coherent arrays

• Anisotropic in-plane gain may enable new asymmetric photonic crystal designs 
for higher-order mode suppression and larger-area devices
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