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Fig. 1. Typical flowchart of GA and its application in on-chip photonic devices design: (a) A typical GA flowchart; (b) mode-extens-

ible crossing waveguide designed by GA[™; (c¢) ultra-compact polarization rotator designed by GA[™; (d) wavelength router de-

signed by GA[™.
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Fig. 2. Flowchart of PSO algorithm and its application in photonic devices design: (a) Flowchart of PSO algorithm; (b) on-chip po-

larization beam splitter designed by PSO algorithm[™; (c) SEM image of single-layer supercritical lens optimized by PSO algorithm(™};

(d) on-chip multi-mode power beam splitter designed by PSO algorithm!(7.
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Fig. 3. Flowchart of DBS algorithm and its application in photonic device design: (a) Flowchart of DBS algorithm; (b) structure

diagram of the polarization beam splitter designed by DBS algorithm, and the light field diagram of TE and TM with a wavelength

of 1550 nm passing through the device™; (c) side view of the discretized nanostructures designed by the improved DBS algorithm/®’};

(d) dual-channel wavelength demultiplexer designed by DBS algorithm, and the optical field diagram when light of different

wavelengths passing through the devicel*!l.
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Fig. 4. Application of AM in photonic device design: (a) Power splitter designed by AMBI: (b), (c) two nonlinear photonic devices

designed by AMB; (d) vertical grating couplers optimized by AMISS.
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Fig. 5. Application of neural network in photonic device design: (a) Bragg grating based on ANN architecturel''¥; (b) grating

couplers designed using DNN[7l; (¢) PNN architecture for predicting meta-atom light responses in metasurfaces/!!.
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Fig. 6. Neural network architectures used to solve some specific technical problems: (a) Schematic of the “forward and backward
series” neural network and the multilayer structure designed by this network''; (b) GA-based DNNI!!¥); (¢) two-dimensional pro-
grammable chiral metamaterial optimized by data enhanced iterative few-sample algorithm9); (d) training and design process of an

inverse design framework based on global deep learning!'2.
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Fig. 7. Several power splitters designed by different methods and their comparison: (a) Wavelength insensitive single-mode power

splitter designed by PSO algorithm("?!; (b) wavelength insensitive single-mode power splitter based on S-shaped curved ridge wave-
guide designed by conventional methods!®”; (c¢) schematic of dual-mode power splitter designed by conventional method (left) and
dual-mode power splitter designed by symmetric-optimize-DBS algorithm (right)[%; (d) dual-mode power splitter suitable for ultra-
wide band optimized by multiple algorithms!'?7; (e) schematic of the power splitter with arbitrary split ratio designed by conven-

tional methods!'®; (f) power splitters with different split ratios designed by QPSO algorithm[!?9].
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Table 1. Size comparison of power beam splitters de-
signed by intelligent and conventional design methods with

the same function.
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Fig. 8. Several mode (de)multiplexers designed by different methods and their comparison: (a) Two-mode multiplexer based on the
DBS algorithm!"*; (b) two-mode multiplexer based on conical directional coupler!; (c), (d) two kinds of four-mode (de)multiplex-

ers designed by the DBS algorithm['3>13; (e) optical microscope image of the eight-mode/polarization (de)multiplexers!'>4.
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Table 2.
signed by intelligent and traditional design methods with

Size comparison of mode (de)multiplexers de-

the same (like) function.
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Fig. 9. Comparison of several single- and multi-mode bending waveguides designed by different methods: (a) Single-mode 90° bend-

ing waveguide designed by DBS algorithm!!3); (b) four-mode 90° bending waveguide based on modified Euler curve designed by con-

ventional methods!'*¥; (c) two-mode 90° bending waveguide designed by DBS algorithm!"*7; (d) three-mode 90° bending waveguide

based on TO using grayscale etching technology!’®); (e) three-mode 90° bending waveguide designed by the DBS algorithml!

139)

)

(f) schematic of simulated light field distribution of the three-mode 90° bending waveguide in (e).
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Table 3.
intelligent and traditional design methods with the

Size comparison of bendings designed by

same (like) function.
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Fig. 10. Several results obtained by using intelligent design methods to optimize conventional optical interconnect devices, and their
comparison devices: (a) On-chip polarization beam splitter designed by using the PSO algorithm to optimize the anti-conical coupler(™};
(b) polarization beam splitters designed by conventional methods!'”); (c) several polarization beam splitters designed for different
wavelength conditions using the AM to optimize the coupling region gap, and their simulated electromagnetic field density distribu-
tions!"U; (d) power splitter designed using a level set method with manufacturing constraints, and the simulated electromagnetic

field density distribution in it*2.
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Fig. 11. Typical phase change process of phase change materials and their application in the field of controllable optical devices:
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(a) Diagram of a typical phase change process; (b) all-optical synaptic networks based on phase change materials; (¢) phase-change

memory cell based on phasechange material; (d) controllable metasurface based on phase change material.
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Fig. 12. Controllable on-chip optical interconnection devices designed by traditional methods: (a) Optical microscope images of sev-

eral controllable directional coupling switches and the SEM images of their details!"®”; (b) structural and performance of the optical

switch with a high ERI7,
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Fig. 13. Controllable on-chip optical interconnection devices designed by intelligent methods: (a) Controllable mode converter based
on the DBS algorithm!'®); (b) controllable three-mode nanophotonic waveguide switch based on the DBS algorithm!'®; (c) power
splitter with arbitrary split ratio based on pixelated phase change materiall'™); (d) power splitter with arbitrary split ratio based on
the DBS algorithm/7!],
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Fig. 14. Multi-purpose integrated optical interconnection devices designed by intelligent methods: (a) SEM image of the wavelength

demultiplexing grating couplerl'™; (b) working principle of the wavelength demultiplexing grating coupler; (¢) SEM image of the

mode-switching polarization beam splitter™); (d) the density distribution of the simulated electromagnetic field in the devicel™.
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Fig. 15. Modular integrated optical interconnect devices designed by intelligent methods: (a) Modular integrated tunable mode gen-
erator('™l; (b) modular integrated polarization converters!'™; (c¢) modular integrated focusing wavelength demultiplexer!™; (d) mod-

ular integrated polarization beam-splitting converter!",
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Fig. 16. Multi-layer optical interconnection systems designed by intelligent methods: (a) Interlayer vertical coupler based on silicon
nitride waveguidel's!]; (b) interlayer grating coupler designed by the GAI32; (c) interlayer reflectors based on silicon waveguides!!$?;

(d) silicon interlayer optical channel designed by intelligent method(*$4.
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Abstract

Compared with traditional communication technologies such as electrical interconnection, optical
interconnection technology has the advantages of large bandwidth, low energy consumption, anti-interference,
etc. Therefore, optical interconnection is becoming an important approach and development trend of short
distance and very short distance data terminal communication. As the chip level optical interconnection is
implemented, silicon on insulator (SOI) based on-chip optical interconnection has been widely utilized with the
support of a series of multiplexing technologies. In recent decades, many on-chip optical interconnection devices
have been developed by using conventional design methods such as coupled-mode, multimode interference, and
transmission line theories. However, when used in device design, these conventional methods often face the
problems such as complex theoretical calculations and high labor costs. Many of the designed devices also
encounter the problems of insufficient compactness and integration, and single function.

Intelligent design method has the advantages such as pellucid principle, high freedom of optimization, and
good material compatibility, which can solve the problems of conventional design methods to a large extent.
With the widespread use of intelligent design methods in the design of on-chip optical interconnection devices,

three main trends have emerged. Firstly, the size of on-chip optical interconnect device is gradually developing
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towards ultra compact size. Secondly, the number of intelligently designed controllable on-chip optical
interconnect devices is increasing. Thirdly, on-chip optical interconnect devices are gradually developing
towards integration and systematization. This paper summarizes the most commonly used intelligent design
methods of photonic devices, including intelligent algorithms based intelligent design methods and neural
networks based intelligent design methods. Then, the above three important research advances and trends of
intelligently designed on-chip optical interconnection devices are analyzed in detail. At the same time, the
applications of phase change materials in the design of controllable photonic devices are also reviewed. Finally,

the future development of intelligently designed on-chip optical interconnection devices is discussed.

Keywords: on-chip optical interconnection device, intelligent design method, phase change material,

integrated photonic circuit

PACS: 42.82.Ds, 42.79.Ta, 42.30.-d, 42.82.Bq DOI: 10.7498 /aps.72.20230705
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