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ABSTRACT

In recent years, more compact and higher performance optical waveguide devices, which
is a fundamental component in optical communication networks, are required in order to deal with
the rapid increasing of internet traffic. The optical waveguide devices have been developed based on
designer’s experience and profound understanding of guided-wave optics so far. Recently, the
structural optimization based on numerical simulation has been used in the design of optical
waveguide devices owing to the recent development of computer technology and simulation
techniques. Topology optimization has possibility that the device performance is largely improved
and a novel operation principle is discovered, because this optimal design method has particular high
design of freedom among structural optimization methods. In conventional topology optimization, a
finite element method (FEM), or a finite difference time domain (FDTD) method, etc. is utilized as a
numerical simulation method of guided-wave in optical waveguides. A beam propagation method
(BPM) has been widely used in the field of guided-wave optics, and it can efficiently analyze a long-
length device which is difficult to address using the FEM or the FDTD, such as a planner light-wave
circuit (PLC) device. It can be expected that the performance of such devices is highly enhanced
with very low computational cost if the gradient-based topology optimization utilizing the BPM is
realized.

In this paper, new topology optimal design approaches utilizing the BPM for optical
waveguide devices are realized. In this research, use of the 2DFD-BPM, the semi-vectorial FD-BPM
based on alternative direction implicit method (ADIM), the full-vectorial FD-BPM (FV-FD-BPM)
based on ADIM, and the time domain FD-BPM based on ADIM is studied. ~ The density method
as a representation method of the refractive index distribution in the design region, the adjoint
variable method as a sensitivity analysis method are employed to the proposed design approaches,
and how to calculate the sensitivity is described in the case of using these methods. In the design
example, the steepest descent method is employed as a gradient-based optimization algorithm for
finding the minimum point of the objective function.

The figure of merit is improved with increasing iteration count in 2D and 3D design
problems of the bending waveguide using the proposed design approach, thus the validity of the
proposed design approaches is confirmed. Moreover, the usefulness is also considered by designing
the optical power splitters, mode order converter, waveguide reflector, and polarization rotator. It

is shown that there is possibility that the proposed design approaches enhance the figure of merit of



not only PLC devices but also the optical components in silicon on insulator (SOI) platform which

is expected to be next-generation optical devices.
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