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We design a polarization-independent dielectric multilayer thin-film diffraction grating for a spectral-beam-combining (SBC)
system with a simple grating structure and low aspect ratio. To maintain the high quality of the SBC beam, we propose a
multilayer mirror structure in which the wavefront distortion due to stress accumulation is minimized. Moreover, to prevent light
absorption from contamination, an optimized design to minimize the grating thickness was performed. The optimally designed
diffraction grating has 99.36% diffraction efficiency for -1st-order polarization-independent light, for incidence at the Littrow angle
and 1055-nm wavelength. It is confirmed that the designed diffraction grating has sufficient process margin to secure a
polarization-independent diffraction efficiency of 96% or greater.
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Fig. 1. Reflectance spectrum of a designed 24-layer dielectric
mirror.
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Fig. 2. Schematic diagram of the polarization-independent multi-
layer dielectric grating.
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Table 1. Designed values of diffraction parameters determined
based on the genetic and simulated annealing optimization. The
polarization-independent diffraction efficiency at wavelength of
1055 nm and Littrow angle of incidence is 99.36%

D Material Re.fractive Thickness

index (nm)

Grating (¢,) TayOs 2.10 323
Duty cycle (f) 0.66

Match layer (t,) SiO, 1.46 198

Top mirror layer Ta,Os 2.10 90

Low index layer (L) SiO, 1.46 263

High index layer (H) Ta,Os 2.10 90
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Table 2. Process margin of the grating thickness, match layer
thickness, duty cycle, trapezoidal angle, and refractive indices of
Ta,Os and SiO, for more than 96% polarization-independent
diffraction efficiency

P Parameter range
rocess parameter Target Minimum Maximum
Grating (t;) 323 nm 305 nm 357 nm
Match layer (t,) 198 nm 141 nm 231 nm
Duty cycle (f) 535 nm 429 nm 573 nm
Trapezoidal angle 0° 0° 22°
Ta)Os refractive index 2.10 2.02 2.26
SiO, refractive index 1.46 1.26 1.53
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Fig. 8. Diffraction efficiencies for each polarization component as
a function of trapezoid internal angle. The inset shows the shape
of the grating and the detailed shape of the trapezoidal grating.
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