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Supplementary Discussion 1. Effective medium theory. 

 

To estimate the complex refractive indices of inks, we use two types of effective medium theory, 

the Bruggeman-mixing formula (Details in Results and discussion) and the Parallel effective 

medium approximation (𝑛𝑛�𝑃𝑃𝑃𝑃𝑃𝑃) which is given as follows:1  

 

𝑛𝑛�𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑓𝑓PVP�εPVP + 𝑓𝑓PVP�εAu                                         (S.1)  

 

Since there are no explicit criteria as for which approximation is valid2, we also display the 

calculated effective refractive index spectra using Parallel effective medium approximation. 

Although the calculated refractive indices with the two models show a minor discrepancy at fAu = 

0.55 due to the inherent limitation of current effective medium theories3, the similar trends confirm 

the reliability of the estimated complex refractive index. 
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Figure S1. SEM images of a micropipette used for the self-assembly of 3D plasmonic structures. 
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Figure S2. Scattering spectra of 3D plasmonic structures consisting of 100 nm AuNPs coated with 

polystyrene (PS). 
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Figure S3. Deposited single layer of AuNPs on a glass substrate.  
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Figure S4. SEM image of a cross section of a 3D plasmonic micropillars. 
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Figure S5. SEM image of a collapsed QD-embedded heterogeneous 3D plasmonic structures. 
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Figure S6. Simulation results of the far-field characteristics of QD-embedded 3D AuNP cluster 

and dielectric medium. 
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Figure S7. SERS spectra of thiophenol embedded in AuNP cluster and PS pillars. 
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Figure S8. Principal component analysis (PCA) performed on Raman spectra of various mutant 

M13 bacteriophage. From the PCA, we can discriminate information about the relative importance 

of the variance values. The largest variance corresponds to the 1st principal component, the second 

largest one corresponds to the 2nd principal component and the third largest one corresponds to 

the 3rd principal component. The value of variation in the PCA indicates the contributions of each 

discriminant factor to the total variance of the coordinates. We categorized the points for each of 

the virus types,es, including wild, 4E , 3H and 3Q. Through such categorization, we can confirm 

the discrimination capability and high reproducibility of the characteristic SERS signal on the 

embedded virus. 
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Figure S9. Raman spectra of WT phages embedded in five individual 3D plasmonic pillars. 
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