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GaN Photonic-Crystal Surface-Emitting
Laser at Blue-Violet Wavelengths
Hideki Matsubara,1,2 Susumu Yoshimoto,1 Hirohisa Saito,1 Yue Jianglin,1,2

Yoshinori Tanaka,1,2 Susumu Noda1,2,3*

Shorter-wavelength surface-emitting laser sources are important for a variety of fields, including
photonics, information processing, and biology. We report on the creation of a current-driven blue-
violet photonic-crystal surface-emitting laser. We have developed a fabrication method, named “air
holes retained over growth,” in order to construct a two-dimensional gallium nitride (GaN)/air
photonic-crystal structure. The resulting periodic structure has a photonic-crystal band-edge effect
sufficient for the successful operation of a current-injection surface-emitting laser. This represents
an important step in the development of laser sources that could be focused to a size much less
than the wavelength and be integrated two-dimensionally at such short wavelengths.

The lasing principle of photonic-crystal
surface-emitting lasers (PC-SELs) (1–5)
is based on the band-edge effect in a two-

dimensional (2D) PC, where the group velocity
of light becomes zero and a 2D cavity mode is
formed. The output power is coupled to the

vertical direction by the PC itself, which gives
rise to the surface-emitting function. PC-SELs
have the following features: first, perfect, single
longitudinal and lateral mode oscillation can be
achieved even when the lasing area becomes
very large (for example, devices >300 mm in

diameter) (1, 3, 5); second, the polarization mode
(3) and the beam pattern (5) can be controlled by
appropriate design of the unit cell and/or lattice
phase in the 2D PC. However, the shortest lasing
wavelength achieved so far is 980 nm. A lasing
wavelength in the blue-to-ultraviolet region
would open the door to a much broader range
of applications such as super–high-resolution
laser sources, which can be focused to spot sizes
smaller than blue-violet wavelengths by the use
of doughnut beams (5, 6), and optical tweezers
for ultrafine manipulation.

One issue in the creation of a gallium nitride
(GaN)–based PC-SEL has beenwhether a 2D PC
structure could be constructed with a sufficient
band-edge effect. To do so requires the fabrica-
tion of a high-quality 2D GaN/air periodic struc-
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Fig. 1. (A) Schematic structure of the target GaN-based PC-SEL. MQW, multi–quantum
well. (B) SEM image of the triangular lattice of air holes with a period of 186 nm, a
diameter of 85 nm, and a depth of 100 nm, formed in an epitaxial GaN/AlGaN layer
above a GaN substrate. (C) Cross-sectional SEM image of the PC-SEL, showing a well-
defined GaN/air periodic structure inside the GaN epitaxial layer.
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