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Structured surface plays an important role in various scientific area, such as physics, tribology, biology. Till now it is still under
developing and many challenges need to be fixed. To promote the structured surface development, many characterization methods
were applied (such as SPM, XPS, SEM). Among these methods, Raman spectroscopy is an effective method to provide valuable
information by evaluating its character and functional performance.

In this dissertation, aimed to solve two typical challenges in structured surface: effective plasmonic surface structures and
nanoscale surface doping, laser patterning methods and focused ion beam technique were utilized as manipulate tools for surface
structuring. Followed by Raman characterization, the features, properties and prospects of these structured surface were presented and
discussed.

In the first part of research, towards designing effective and stable plasmonic structures, laser patterning method was applied on
two types of structured surfaces fabrication. Combined with simple silver nanoparticles decoration, plasmonic structures named with
Ag-RGO and Ag-black silicon were achieved. Characterized by Raman spectroscopy, they showed high electromagnetic field
enhancement and stable performance as chemical sensors. Choosing RhB as a detector, the Ag-RGO structure showed a Raman
enhancement factor in the range of 107-10° and a good SERS reproducibility (with a relative standard deviation~10%). Taking R6G
as a detector, the Ag-black silicon structure showed a good Raman response with a detection limit better than 10*M, and it is on-chip
designed in micro channels and served as in-situ detector of chemical reactions. The Raman results showed that laser technique hold
potential on application on plasmonic structures.

Then, as the the second part of this research, Raman spectroscopy study was carried out to study the structured surface
manipulated by nanoscale FIB doping. Nanoscale Ga doped structures on ZnO surface was first designed and prepared by FIB
technique. And then the lattice structure changes were studied by observing the different Raman modes from the doped surface area.
High resolution (—300nm) Raman images at these different Raman modes was then obtained. These results clearly characterized the
distributions of the crystal structure changes during the doping process. They are of great value on improving the surface doping
technique in the integrated circuits industry.

In conclusion, studying the structured surfaces is of great importance in applied physics, chemistry and biology. These results

indicate that Raman holds potential for the application in micro-fabrication and semiconductor world.
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