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SPR Biosensor
Reflected LightIncident Light

II

Flow Cell

Coupling of the light into the Au thin film
requires a prism to provide wavevector
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matching (Kretschmann configuration).



SPR implementation

II

Incident Light Reflected Light

Flow Cell

Molecules in solution induce changes in 
refractive index and give rise to a 
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g
measurable SPR signal when binding occurs. 



Attenuated total reflection (θ > θ )Attenuated total reflection (θ > θc )
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Evanescent Wave in Medium
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Evanescent Wave in Medium



Kretschmann configuration
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Thin film on a prism



Surface Plasmon Resonance on Gold

The intensity of the reflected light is reduced at a specific incident 
l d i h di f langle producing a sharp dip-a surface plasmon resonance

The surface plasmon resonance is related to the material 
adsorbed onto the thin metal filmadsorbed onto the thin metal film 

Visible electromagnetic radiation

ωp = ne2

m ε

1/2

Plasma frequency
n is charge carrier density

meε0
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http://www.gwctechnologies.com/images/spreffect.gif
n is charge carrier density
me is effective mass



Are gold and silversilver the 
l SPR b t t ?only SPR substrates?

Fixed charge carrier density: ~1023 electrons/cm3

Limited electrochemical range: Gold is oxidized above 0.8 V 

Thiol surface chemistry

Conducting metal oxides offer possibilities not present on gold
–No quenching of fluorescence
–Stable electrochemistry over a wide range
–Processible surfaceProcessible surface
–Many surface chemistries possible

There are hundreds of mixed metal oxide substrates possible.
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Indium Tin Oxide (ITO)( )
Composition:  90% Indium Oxide and 10% Tin Oxide

Commercial ≈1700Å thick 
8-12 Ω/□

Band Gap ≈3.7 eV

St t Bi b it bi t l t tStructure: Bixbyite cubic crystal structure

Tunability: 
C t i f f ifi ti

Type: sp type conductor

Customize surfaces for specific reactions
Resistivity changes:

Thickness change
Alteration of annealling onditions

Common Uses:
Heat Shields
Flat Panel Displays

Alteration of annealling onditions
Doping change

Crystal orientation changes: 
Deposition temperature
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Deposition temperature 
Change in annealling conditions



Experimental and Calculated Reflectance of ITO
Three Phase Fresnel Model (air/ITO/glass)
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Brewer and Franzen
Wavenumbers (x103) (cm-1)

Change in reflectivity

1. Alloys and Compounds, 2002, 338, 73-79
2. J. Phys. Chem. B. 2002, 106, 12986-12992 
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Change in reflectivity
suggestive of surface plasmon resonance



GWC ThermoElectron FT SPRGWC ThermoElectron FT-SPR

Source and detector for
INFRARED RADIATION
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Sputtering

D t i d b tt i tiDetermined by sputtering time
Controls film thicknessControls film thickness
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Sputteringp g

ITO Process ITO 
Sputter
S t

Process 
Parameters
Sputter Pressure (Ar)System Sputter Pressure (Ar)

Power Input

Power Type (RF vs DC)Power Type (RF vs DC)

Substrate Distance

Substrate Temperaturep

Time/Thickness

O2/Ar Plasma
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