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Surface enhance Raman spectroscopy

China,(Jan,2019)Global and China Surface Enhanced Raman Spectroscopy (SERS) Market 

Research by Company, Type & Application 2013-2025,retrive from https://marketandresearch.biz

Theory Method Results Conclusions AcknowledgementsIntroduction
2



Near-Infrared

Edmund Optics Inc., What is SWIR?

Retrieved from https://www.edmundoptics.com
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The importance of nanogaps

nanogap nanotips
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100 nm 300 nm 

Fumed silica becomes SERS template for gold deposition 

The importance of fumed silica
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Objective

➢ To investigate LSPR properties of SERS substrate, formed by 

highly porous silica-gold core-shell network structures 

➢ study the resulting plasmonic resonance behaviors, as well as 

the electric field enhancement factor and absorptance. 

➢ Effect of geometric parameters are including silica particle size, 

gold thickness and particle density

Theory Method Results Conclusions AcknowledgementsIntroduction
6



𝛻 × 𝜇𝑟
−1 𝛻 × 𝑬 − 𝑘0

2 𝜖𝑟 −
𝑗𝜎

𝜔𝜖0
𝑬 = 0,

𝜎 ∶ 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦

𝜇𝑟 ∶ relative permeability
𝜖𝑟 : relative permittivity

Maxell’s wave equation

𝑬 𝑥, 𝑦, 𝑧 = ෩𝑬 𝑥, 𝑦 𝑒−𝑗𝑘𝑧𝑧ǁ𝜖𝑟 = 𝜖𝑟 −
𝑗𝜎

𝜔𝜖0
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𝑛 = 𝜖𝑟𝜇𝑟; 𝜇𝑟 ≈ 1

Solve for E
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COMSOL MULTIPHYSICS
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The geometry created by 

using code in model methods.
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flowchart
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Choose the module

1.Optics

2.Wave optics

3.Emw, frequency domain

𝛻 × 𝜇𝑟
−1 𝛻 × 𝑬 − 𝑘0

2 𝜖𝑟 −
𝑗𝜎

𝜔𝜖0
𝑬 = 0
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Define parameters
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Parameters Expression Description

Lambda Sweep 

300-1500 nm

Incidents lambda of 

electromagnetic wave

nair 1 Refractive index of air

nsilica Equation Refractive index of silica

ngold Build-in parameter Refractive index of gold

Pinc 2.6544E-9 W Incidents power

𝑛2 − 1 =
0.6961663𝜆2

𝜆2 − 0.06840432
+

0.4079426𝜆2

𝜆2 − 0.11624142
+

0.8974794𝜆2

𝜆2 − 9.8961612

Refractive index of silica Refractive index of gold

12

C. Z. Tan. Determination of refractive index of silica glass for infrared wavelengths by IR 

spectroscopy, J. Non-Cryst. Solids 223, 158-163 (1998)

Wavelength Refractive index

7.80E-07 4.61086642

7.85E-07 4.65225188

7.90E-07 4.69352994

7.95E-07 4.73470422

8.00E-07 4.77577819



Absorption spectra of SERS substrate 

with various silica primary particles sizes. 

Fill factor = 0.3

Particles diameter = 10 nm

Gold thickness = 3 nm 

Fill factor = 0.3

Particles diameter = 20 nm

Gold thickness = 3 nm 
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Absorption spectra of SERS substrate with 

various thickness of coated gold layer.

Fill factor = 0.3

Particles diameter = 18 nm

Gold thickness = 1 nm 

Fill factor = 0.3

Particles diameter = 18 nm

Gold thickness = 5 nm 
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Absorption spectra of SERS substrate with 

various packing density of silica particles.

Fill factor = 0.1

Particles diameter = 18 nm

Gold thickness = 3 nm 

Fill factor = 0.5

Particles diameter = 18 nm

Gold thickness = 3 nm 
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The simulation result shows 𝐸 4 distribution on a SERS substrate, excited by a vertical wave incident.
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SERS enhancement factor 

map shows strong field 

localization at high density of 

nanogaps
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❑ Need to compare the results with the experiment.

Future work

❑ COMSOL® program can be use to simulate electric field and optical 

spectrum of complex plasmonic structure.

❑ The numerical results confirm that most of the geometry structures support 

strong LSPR in NIR spectrum range

❑ The optimized structure involves primary silica diameter 18 nm, gold 

thickness 3 nm, packing density  0.3, which yields enhancement up to 107

Conclusion
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