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Sensitive Biosensing Using 
Surface Plasmons in metallic 

Nanostructures
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Surface plasmons are collective oscillations of electrons on metallic surface 
with the optical frequency.
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Surface plasmon Wave Advantage of using gold film

• Gold: Non-magnetic, surface plasmon wave is p-polarized (TM) and 
due to its electromagnetic and surface propagating nature, creates 
enhanced evanescent wave

SPW on Gold film

Total Internal Reflection (TIR)
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• Surface Plasmon Resonance for Sensitive 
Biosensing
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The dielectric constant of metal is negative and much larger than ε2. 

Comparisons of SPR sensor 

Extraordinary transmissions in nano metallic 
structures

Aperture diameter <λ

Output light wave is 
fully diffracted into a 
half-sphere

By patterning the input 
side with concentric 
periodic groove

The transmission is 
boosted at certain 
wavelengths.

By patterning both 
sides with concentric 
periodic groove

The transmission is 
boosted and focused

E. W. Ebessen, 2002 (Science)E. W. Ebessen, 1998(Nature)
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Surface Plasmons can be generated in a metallic nano gap! 
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Advantages of prism-based SPR system
high sensitivity, ~typically, 10-6  RIU  by precise angle 

or wavelength measurement.

Disadvantages: Bulky, expensive, difficult for high-
throughput detections and requires a large amount of 
sample solution. 

Using plamonsic effect ( SPR or LSR) in a metallic nano-
gap. It has the advantages of

(1) High sensitivity
(2) Small sample volume
(3) High throughput 

3D-FDTD simulation results
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Theoretical results indicate ~ 2000 ( % RIU-1), it means
~1e-4 RIU at 0.2% power stability
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Experimental Setup

0.2ul

10x

Sensitivity Measurement

Intensity Increase with salt water concentration. Good repetition of the measurement 

The results indicate  ~ 3704 ( % RIU-1), it means ~ 5.4e-5 RIU at 0.2% power stability
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Water evaporation in salt water

~0.2 μl/min! 

Evaporation rate measurement 

Fiber probe

1μm

SNOM (or NSOM) in collection mode

1. Tip/sample regulation by shear-force feedback method
2. Probe made by tapered fiber coated with metal

PMT

TM
TEλ0=532nm
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I. normal illumination

TE (pol=0)
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Pol=100 (~TM mode)

Light in multiple nano slits 
NSOM Results

TE

TM

TM
(single slit)

Ex

Ez

For TM polarized wave, we have Ex, Ez and Hy fields The near field distribution in multiple slits 
with varied separations 

In resonance:
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Optical Near-Field of Surface Plasmon Wave on Au Surface 

Metal
Dielectric material 
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Nano metallic slits

TM

Glass
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Normally incident polarized light

Fiber tip
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Colors of nanoslit arrays with different periods and slit openings

slit opening
20nm100nm

Microarray on a glass chip

DNA microarrays

5- to 150-μm size spots
Fluorescent labeling

Low conjugations
Quenching

100μm×100μm

Cy5
Cy3

new microarray chip

Au on glass slide

Nano metallic structure

150μm

Non-label 
High surface sensitivity
High throughput
Simple in optical detection
Water enviroment

Nano metallic slits

Normally incident polarized light

Glass

Au

TM

TE
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Sensitivity of a nanoslit array

S ~ 591 nm/RIU
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 Air (H2O)
 Air (Buffer: PBS 10 mM)
 BSA (1 mg/ml)
 AntiBSA (0.47 mg/ml)

dipole
LSR

LSR (localized surface plasmon resonance)

Changing surrounding condition, changing scattering spectrum!  
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A nanotip with nano particles
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Sensitivity Measurement

The results indicate  ~ 4130 ( % RIU-1), it means
~4.84e-5 RIU at 0.2% power stability

Methanol evaporation in 
methanol/water mixture
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Applications
Dynamic measurement of bio-samples interactions

Flow-in

Flow-out

Open channel

Light-in

Light-out

10x lens+ PMT

1.

2.

NPs coated with Biotin

1.Buffer
2. Buffer + Streptavitin (2ug/ml)
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Conclusions

• Surface plasmons are generated in 
nanometer metallic gaps. 

• Using plamonsic effect ( SPR or LSR) in 
a metallic nano-gap. It has the 
advantages of

(1) High sensitivity
(2) Small sample volume
(3) High throughput 


