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11. Summary of the new findings of the thesis: The thesis has successfully 
achieved several novel results, contributing to the field: 

The thesis has successfully achieved several novel results, contributing significantly to 
the field: 

- Design of All-Optical Structures for BPSK and QPSK Optical Labels: The 
thesis presents two innovative all-optical structures for recognizing Binary Phase-Shift 
Keying (BPSK) and Quadrature Phase-Shift Keying (QPSK) optical labels in label-
switched networks and optical header processing. These structures leverage the multi-
mode interference effect on Silicon-on-Insulator (SOI) waveguides, compatible with 
current CMOS microfabrication technology. They offer low signal loss and the 
potential for integration on a single chip, facilitating easier fabrication compared to 
previous methods. 

- All-Optical XOR and NAND Logic Gate Structures: The thesis introduces a 
design for all-optical XOR and NAND logic gate structures applicable in all-optical 
correlation units for optical label processing. The novel structure utilizes the plasmonic 
effect, achieving size reduction without the need for all-optical nonlinear effects. 

- Development of Optical Delay Lines and Header Extraction Units: The thesis 
details the development of a structure for optical delay lines and an optical header 
extraction unit, applied in label-switched networks and optical header processing. 



 

- Photonic Neural Network for BPSK Optical Label Recognition: The thesis 
describes the design of a photonic neural network structure for recognizing BPSK 
optical labels. This innovative photonic neural network structure employs optical 
components for the recognition of optical labels modulated with BPSK. 

12. Practical applicability, if any:   

- Commercial Applications of Silicon Photonics Technology: The primary 
commercial applications of silicon photonics technology include the implementation 
of short-range optical links for data centers and high-performance computing, as well 
as continuous transceivers for metropolitan and long-haul telecommunication systems. 

- Signal Processing in All-Optical Information Networks: The utilization of 
integrated photonics technology for signal processing in all-optical information 
networks presents a robust solution for network systems and data centers. This 
approach enhances performance and reduces energy consumption while offering 
flexible, space-saving solutions for optical communication systems. 

13. Further research directions, if any:  

- Design of Integrated Systems for Optical Image Transformation: This includes 
the design of integrated systems for image transformation in the optical domain 
utilizing optical memories in smart camera systems and enabling real-time image data 
processing. Additionally, the design encompasses all-optical systems for AR/VR data 
processing. 

- Development of OONN Network Models for AI Applications: This involves the 
development of OONN models tailored for real-time AI applications, with a particular 
focus on designing fully optical activation functions. 

- Enhancement of Graphene-Based Waveguide Structures: This aims to 
improve the structure of graphene-based waveguides to increase data processing speed 
and learning rates, thereby addressing the demands of large-scale data analysis tasks. 
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