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Abstract In view of the low coupling efficiency and long simulation time of vertical couplers, an inverse design
simulation platform of multi-layer heterostructures is built. With the help of the function-oriented idea of the inverse
design and the advantages of high-performance computing, micro/nano-photonic devices with complex multi-layer
heterostructures can be generated automatically by convex optimization algorithms after the initial structures are
built and the target functions are set. A high-performance vertical coupler based on this inverse design simulation
platform is proposed in this paper. The coupling efficiency improves greatly after an Al mirror is integrated into the
coupler. The simulation results show that the coupling efficiency of the coupler is 88.42% at 1550 nm wavelength
(coupling efficiency is 32.45% without an Al mirror), and the coupler has a 3 dB bandwidth of 103 nm (1500—
1603 nm) with good bandwidth and low loss characteristics.
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Fig. 1 Schematic diagram of initialized structure of vertical coupler with metal mirror. (a) Diagram of three-dimensional

rendering; (b) diagram of cross section
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Table 1 Initialized parameters of vertical coupler

Parameter Value /pm Specification
G 0. 04 Grid of space
D, 2 Diameter of Gaussian beam
W o 0.55 Width of output waveguide
W 2.8 Length of designed layer
Wi 2.8 Width of designed layer
W i 2.8 Length of reflected layer
W s 2.8 Width of reflected layer
S, 4 Length of simulated area
S, 4 Width of simulated area
S, 2.4 Height of simulated area
H, 0.22 Height of designed layer
H, 0.48 Distance of two layers
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Fig. 2 Structural change diagrams of vertical coupler in process of optimization. (a) Global optimization;

(b) local optimization; (c¢) binarizated optimization
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Fig. 4 Final 3D-structure diagram of vertical coupler. (a) without Al mirror; (b) with Al mirror
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Fig. 5 Simulation results of vertical coupler in FDTD module. (a) Intensity distributions of optimized layer and output
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