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Abstract: A 1550 nm complex-coupled distributed feedback (DFB) semiconductor laser based on a self-aligned
high-order surface grating is proposed and experimentally demonstrated. The device is based on an InP multiple-
quantum-well epitaxial structure, where the ridge waveguide and high-order surface grating are defined simultaneous-
ly in a single etching step, enabling self-aligned periodic effective-index modulation with reduced overlay error and
improved spatial registration. By introducing periodic electrode windows on the ridge top for spatially selective cur-
rent injection, index coupling and gain coupling are simultaneously established within the same resonant cavity. The
fabricated device exhibits an actual ridge width of approximately 7. 2 wm, a grating period of approximately 8. 1 pm,
and an etch depth of approximately 1. 52 wm. Under room-temperature operation, a maximum output power of 62. 7
mW is obtained at an injection current of 720 mA, and the maximum side-mode suppression ratio reaches 42. 67 dB.
The lasing wavelength shows continuous redshifts with increasing injection current and temperature , with tuning coef-
ficients of approximately 9. 51 pm/mA and 0. 13 nm/°C, respectively. These results verify the synergistic effect of in-
dex coupling from the ridge-top high-order surface grating and gain coupling from the periodic electrode windows,
which enhances the single-longitudinal-mode stability of the device. The proposed design avoids regrowth, multiple

lithographic alignment steps, and nanoscale grating fabrication, offering a simple and low-cost approach for realizing

complex-coupled DFB semiconductor lasers.
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Tab. 1  The structural parameters of epitaxial wafer

Thickness

Doping concentration

Material Dopant
(pm) (em™)
InGaAs 0.18 Zn 2x10"
InGaAsP 0.09 Zn 8x10'7~3x10"
InP 3.10 Zn 3%10"7~1.5%10"
InAlAs 0.05 / /
MQW 0.074 / /
InAlAs 0.05 Si 2x10"
InP 1.30 Si 1x10"
InGaAsP 0.37 Si 8x10"7
InP 0. 50 Si 1x10"
InP Sub 350 Si 1x10"
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Tab. 2 Performance comparison of DFB lasers around 1550 nm
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