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Active/Passive-Integrated Photonic Crystal Slab μ-Laser 
 

Hideki Watanabe and Toshihiko Baba 
 

We monolithically integrated a μ-laser with a passive waveguide in the photonic crystal slab, 
for the first time. We demonstrated the lasing operation with light extraction from the 
waveguide with an external quantum efficiency of 13%/facet. 
 
Introduction: Photonic crystals (PCs) are expected to realize various novel optoelectronic 
devices. Particularly, the PC slab consisting of a high index semiconductor membrane with 
holes is a promising platform for advanced photonic ICs due to its strong optical confinement. 
One of the key issues for photonic ICs based on the PC slab is the monolithic integration of 
active devices such as μ-lasers [1]-[3] with passive components. However, such integration 
has never been reported yet. In this study, we successfully fabricated the 
active/passive-integrated PC slab by using an epitaxial regrowth technique and extracted the 
laser light from the passive waveguide. 
 
Design: We consider a butt-joint structure of the line defect laser [4]-[6] in the active PC slab 
and the line defect waveguide in the passive PC slab. The active slab consists of GaInAsP six 
compressively strained quantum wells and separate confinement heterostructure layers. The 
total thickness of the slab is 0.21 μm and the emission wavelength is centered at 1.55 μm. The 
passive slab consists of 1.3-μm-GaInAsP bulk core with the same thickness. The lattice 
constant a and the hole diameter 2r are set to be 0.4 μm and 0.2 μm, respectively. Lengths of 
the laser and the waveguide are ~10 μm and ~20 μm, respectively. Fig. 1 shows their photonic 
bands of the target guided mode, which are calculated with effective indexes of 2.749 and 
2.743 for the active and passive slabs, respectively, as the background index n. The laser 
operation is expected near the photonic band-edge, at which the group velocity becomes zero 
and a standing wave is formed. For the assumed a, 2r and n, the band-edge wavelength λ is 
adjusted to be 1.55 μm in the μ-laser. If the same parameters are assumed for the waveguide, 
the photonic band slightly shifts to the higher frequency side, as shown by the dotted curve in 
Fig. 1, due to the smaller n for the passive slab. On this condition, the laser wavelength would 
overlap with the cut-off condition of the waveguide. To avoid this, the diameter of holes 
adjacent to the line defect 2r’ is reduced, so that the band-edge frequency of the waveguide is 
lower than that of the laser. Such a band shift is shown by the dashed curve in Fig. 1, where 
2r’ = 0.9×2r is assumed.  
 
Fabrication: For the active/passive-integrated PC slab, two-step epitaxial regrowth technique 
by metal organic chemical vapor deposition was used. First, the laser wafer including the 
GaInAsP quantum-well active layer was prepared, and a rectangular mesa was formed by dry 
etching. Then, the InP layer and the 1.3-μm-GaInAsP bulk core was selectively grown on the 
etched area, and additionally the InP cover layer was grown on all the area. The air-bridge PC 
slab was formed by using e-beam lithography, HI inductively coupled plasma etching [7], and 
HCl wet etching of InP layers. Fig. 2 shows scanning electron micrographs of the fabricated 
device. The hole diameter 2r is 0.20 μm, and the adjacent hole diameter 2r’ of the waveguide 
region is 0.18 μm. Although a small projection of 50 nm height is observed on the butt-joint 
boundary, the active and passive PC slabs are connected with a negligible error of <10 nm in 
vertical position. Against this boundary, the position error of the pattern boundary between the 
laser and the waveguide is less than 1 μm. 
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Measurement: The room temperature lasing was obtained by pulsed photopumping at λ = 
0.98 μm with a duty ratio of 0.75%. The laser light from one waveguide facet was directly 
detected by multimode fiber and observed by optical spectrum analyzer. Fig. 3 shows the 
lasing characteristics at λ = 1.59 μm. The effective pump power was estimated from the 
overlap efficiency ηov of the pump spot to the line defect and the absorption efficiency ηab of 
the pump light in the slab. As the first approximation, we considered the line defect area to be 
that inside the innermost holes. Then, ηov becomes 18% for a Gaussian pump spot with a 1/e2 
diameter of 3.5 μm. In addition, ηab is estimated to be 30% when assuming a surface 
reflectivity of 30%, an absorption coefficient of 2×104 cm−1 and a slab thickness of 210 nm. It 
results in a pump efficiency ηov × ηab of 5.4%, and an effective threshold pump power Peff of 
65 μW. The maximum output power is 5.5 μW for Peff = 175 μW and the corresponding 
external differential quantum efficiency ηd is 13%. To our knowledge, this is the first 
estimation of the ηd for PC μ-lasers. 
Conclusion: By using the epitaxial regrowth technique, we successfully integrated a PC slab 
μ-laser with a PC slab passive waveguide. We demonstrated the laser operation and light 
extraction with an external quantum efficiency of 13% by pulsed photopumping at room 
temperature. This work was partly supported by the Grant-In-Aid of JSPS, and the 
Grant-In-Aid, the IT Program, and the 21st Century COE Program of MEXT. 
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Fig. 1. Calculated photonic bands of fundamental waveguide mode. Solid, doted and dashed 
lines denote 2r’ = 0.2 μm and n = 2.749, 2r’ = 0.2 μm and n = 2.743, and 2r’ = 0.18 μm and n 
= 2.743, respectively. 
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Fig. 2. Fabricated device. (a) Top view. (b) Cross-sectional view. 
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Fig. 3. Observed lasing characteristics. (a) Light output versus pump power characteristic. 
(b) Lasing spectrum at peak power. 
 


