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Research Progress on the Application of Three-Dimensional SERS Substrate in Biomedicine
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Abstract: Surface-enhanced Raman scattering ( SERS ) has broken through the detection limit and specificity of
traditional spectral detection technology by virtue of its core advantages such as single-molecule ultra-high
detection sensitivity, specific molecular fingerprint spectrum recognition, non-destructive, rapid detection, and no
complex pretreatment of samples. Short board has become a new type of spectral detection technology with great
development potential in the field of biomedical analysis. The three-dimensional SERS substrate can construct a
continuous and high-density plasma ' hot spot ' network in a three-dimensional space, greatly improve the light
field coupling efficiency and target molecule capture ability, and significantly improve the detection sensitivity and
signal repeatability. Three-dimensional SERS technology has shown broad application prospects and
transformation value in biomedical scenarios such as early diagnosis of major diseases, single-cell in situ imaging,
rapid screening of pathogenic microorganisms, and accurate detection of biomarkers. This paper systematically
reviews the core contents of SERS physical and chemical enhancement mechanisms, classification and
construction strategies of three-dimensional SERS substrate materials, typical biomedical application scenarios,
and biosafety evaluation. It is discussed that three-dimensional SERS technology from laboratory to clinical
application still faces multiple challenges such as insufficient performance reproducibility, imperfect biosafety

system, and lack of clinical standardization. By comprehensively reviewing the relevant research progress and
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existing technical problems at home and abroad in recent years, the optimization ideas and development trends of

three-dimensional SERS substrates are summarized, aiming to provide a comprehensive and detailed theoretical

reference and technical reference for the performance iterative optimization of three-dimensional SERS

technology and clinical biomedical transformation research.

Key words: Surface enhanced raman spectroscopy;mechanism;three-dimensional SERS substrate;biomedicine;
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